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MEGASONI C PROCESSI NG APPARATUS W TH FREQUENCY SWEEPI NG

OF THI CKNESS MODE TRANSDUCERS RELATED APPLI CATI ON Thi s
weapp7iiogasson clains priority from co-pendi ng UPST/US2007/006885

Provi sional Application No. 60/783,213, filed March

17, 2006, entitled MEGASONI C PROCESSI NG APPARATUS W TH

FREQUENCY SWEEPI NG and U.S. Patent Application

entitled MEGASONI C PROCESSI NG APPARATUS W TH FREQUENCY

SWEEPI NG OF THI CKNESS MODE TRANSDUCERS fil ed March 16,

2007 and invented by J. M chael Goodson. These prior

applications are expressly incaorpqrated h '
 MEGASONIRRAG RS RS AP A ROBITS R EH R GUNg Y
| NVENTI SN ERPING R HHIKNESS MO BEERANSDUCERS
megasoni ¢ processi ng apparatus and associ ated net hods
i nvol vi ng one or nore piezoelectric transducers
operating in thick THS & Pl 1ORGGSNN ¢ frequenci es
of at |east 300 KI—EE%?L hi gﬁé)?, and rel ates nore o
partis appliatipn tchaiingpriovibynjopentpandined- S Previsiepalnprlisation No.
raguency, of o¥k N9l R PARATUS
073y S BRSO bued BRUo RSN BRDcssING A
WITH FEREQUEBCE SSMERPIN Gespnded . @atenf Applicativn entitled MEEASONIC

DESCRI PT] ' '
PROCRSSIVGA BRABARY R 3V DT GERI g M aUS O ToRaR g AEsS
MODE TRUEISHE 00 Hite 30@rdiHS, 200nyndizyasediby Js Mitkere Goodson.

operate at frequencies at or ne

at . negr 1,000 or o
Thesppganhaprlicatiopg ﬁs&éﬁfeiwmi%r"ifﬁ‘ié’gé’ﬁf‘é‘é 8¥6§Kt,lél%é6‘|98‘f erred
frequency for many applications, the frequency range

goes nuch higher, with frequencies_as htﬂ%& as 10 MHz.
Typi cal uses fBACKRILING QF LHERYRUILLAY ci eani ng

' ) foNnsSuch as sem conductor wafers and
FIE S O e S

Ia. Such a negasonic cl eaning process )
i nVbisvieeentioaatlatestdvacisly te megewniRPIOrREEANPAragus and associated

metl{gé% ggvb&:n{éé ﬁge beRore @%g?égpéghx sdtlc gsﬁdg%?ﬁllg iff RfEEes&node at

0 requenci radiatin acCe or
megssonfcaftamentéies bEat laadt 300K 1mor Iigher, padralateenror¢ particularly to

. transducers are used.to ne e V. Lon@l
ImMPIENIERET oﬂnﬁ’é?f’e}?%f%‘?epé%%’g &'?gaﬁc‘i’a(%f{he(}ﬁh‘gpé%} AT Dot 2
predéteidined of pesthmatablBequenoy samige it gpamciie oésonimg frequencies of
transducers. Megasoni c transducers operate in
all therfraRfRests-npde, where a piezoel ectric el enent is
excited by an alternating current driving signal that

causes al ternating expansi on andcontraction of the
DESGRIRS dabePF Tﬁlﬁ#@rg[rﬂvkggp%ﬁa‘i ng and contracting the

th 'M‘é‘é'&géﬁc %oée@ﬁng involves generating and using high frequency energy at
frequencies above 300 KHz. Many megasonic systems operate at frequencies at or near
1,000 KHz, or one megahertz. Although 1 MHz is the consensus, preferred frequency for
many applications, the frequency range goes much higher, with frequencies as high as 10
MHz. Typical uses for megasonic systems include cleaning delicate objects, such as
semiconductor wafers and disc drive media. Such a megasonic cleaning process involves
placing the objects to be cleaned in a fluid-filled tank, and applying vibrational energy at
megasonic frequencies to a radiating surface or surfaces of the tank. One or more
piezoelectric transducers are used to generate the vibrational energy. A generator
supplies an alternating current driving signal at the resonant frequency of the transducers.
Megasonic transducers operate in thickness mode, where a piezoelectric element is
excited by an alternating current driving signal that causes alternating expansion and
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transducer. A piezoelectric transducer having a

t hi ckness of 0.080 inches has a fundanental, thickness
wouo@/1093sonant frequency of 1,000 KHz. MegasoRCT/US2007/006885

processing has sonme simlarities with ultrasonic

processi ng, which involves | ower fundanental

frequencies, typically fromabout 25 KHz to about 192
KHz. U trasonic transducers are typically

mass- bal anced, with inert nmasses on either side of a
pi ezoel ectric el enment, and have a si gni ficant radial

conponent of novenent at right angles to the thicknes
contrantiop of et traredaceroprmanbOFPRPdaL 8 Cevtraafﬁm&ﬁ’ﬂ? thigjpess ofthe

trans &L{cgln S‘q lf)‘fé‘%oeie%trfc%é‘fsﬁﬁ&r%ﬁ*/ﬁ‘g%l thiR¥E4s @ 080 inehesapad

el enents between two nmsses, and to hold
funddrﬂmtads&mkbbgs mo@%trmnam frenuancyet BP0Q Bafressi on bol t.

l 1C
i ER PR e8GR s D aRAhRRe SN bl e pHR G Shich

|onan S|nther|
involvéloivee fudamicatal ﬁ@qderfcam, mpgaﬂarﬁqm eb@aerIgHz to about 192 KHz.

significant cav on_do s not S |
e A O e R
piezo@ieetri- &érh@ﬁ:mnﬁkgham ﬁgnifﬁ:aﬁ lgélraECthtﬁﬂem\Df)andemanm atight

particle rovv| fromthe neqga nlctras I
anglepRp therth SHEond SHIbm(R GRESIRRARN e bh APl RlEhnsducer
is to §H[:II &LRral Payéfki &fvitdighdpea @Sdibléleét&hcéﬁl@némslbétwten Te masses, and
thogqanar nature of these m.cro-streans
0

AL TR B e e e i P o

basedDE cXR¥tLA, WHRhGY the f0ematis rldesliapse bﬁ)ﬂuble%qn@]ﬁe fluidi gh
per cent age of the surface area of, the tgnk Wi t

t r Ahtfresiuencigs psaddor piggasomicclganing,sagy m cpglta[tygn does not
occu?,%é' , an&gﬂﬁé ﬁlstﬂ%@ecpéﬁ hoth& RECHRLRGERSR A hidstehadhming,

so that al surfaces are exposed to
whichu$ & gcmeenlt flgw mghtan’e@bmmﬂés Bpwingaway frpm e sGEaEe

di | W e
transggﬁeéea ?’H@qﬁ)v&l LEARS08E élﬂ?&é@&% aBing BRI sﬁQfaE@fH( ARM th

roma proces swee I or varyilng
transfdneew enn;aomited h @hel planangatstegrfahesemmeﬂremm@ﬁf@t%@§

i ndustr bel.i e
s B b i LB o Ol SR e
distriontibh igRtovenk high parasnthrersfithe sirfaomasesssithe ga.nkl with transducers.

addition, jt. has been th ht that there
AnoBigrbr 1655 otBicBnNaR TG SHENCUNHOTS B BaHe 08¢ pibcHiicd Bypughout

the thil€sd Haf XD 88 Sad¥Rde: é){p@aadm@mmanw Tigh Uﬂlé@&bmp eaeray.
nat ur e of %asonl vi brations and due

di ftrie kepwn dhataadialmade REFASSRS 25BViRG i 8@“88&3%{11%‘8"‘1’ Benefit
fronijé éf&é&%%eeﬁ%@% ﬂﬁdﬁi’écﬁk{w e Bhiginy G4l However,

ention relatés to nmegasoni ¢ processi ng a
J A g o%%%equenmes

thereh@s beenaodndustynyidsrhelist thapy@? SANESHRY R IPFEAS
becausAARAYGEE SvalBLd: 199 Sinall aRd welk FY K RaefiTREM Sheeping. In

addition, it has been thought that there would be no benefit from sweeping megasonic
frequencies because of the thickness mode transducers and resultant planar nature of
megasonic vibrations and due to the different cleaning mechanisms at work as compared

to ultrasonics.

SUMMARY OF THE INVENTION
The present invention relates to a megasonic processing apparatus and method
having one or more piezoelectric transducers (PZT) operating in thickness mode at
megasonic frequencies in excess of 300 KHz. A megasonic generator operating at
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nmegasoni ¢ frequencies in excess of 300 KHz. A

megasoni ¢ generator operating atnmegasonic frequencies
wdnowasrshe transducers with a vari abl e-fr equeRCY/US2007/006885

driving signal that varies or sweeps throughout a

predeterm ned or progranmabl e sweep frequency range.

The megasoni ¢ generator generates the driving signal

at negasoni c frequencies to energi ze the nmegasonic

pi ezoel ectric transducers to cause themto vibrate in

thi ckness node at their megasonic resonant

frequenci es. The piezoel ectric transducers emt ergg1

ying s al

megasani¢ frequangiescinives thecdepnsApeeas Witha varghlepzeansagy fi’c'}
that v%.ﬁéé é’}%iv%pg gﬂrtS d dﬁ'@ﬁ édé&t}nﬁfied:& 1§30 athnRdHI€ SWeep frequency

) e generator repeatedly varies or
ranges VElepRegasenit @q@remgemrateﬁ ghejdniving glgeﬂlg@tane&aﬁ%& dreagencies to

energﬁe tgg g;egg% b ?cgg {;qu(fqﬁc Al ad RS tH 468k thEm 16 SRR AN thickness

€ negasoni ¢ pilezoelectric
modéd dtaRifliegasonicvesdrinat ﬁaqwniesofﬂnemeqoﬁbs@tﬂtramqum emit energy

at theltxg\ég?lg\ég% 4 Ou 1%@%1?{;%12@ asegryor veH'k %ﬁ%ﬂ)ﬁ&fhohg such as cleaning

aving sirm resonant
objechd ﬁwﬂmLmed taﬁld. Phuvgeneratoe aspeaigdlyarias bhswespsphe fiequency of

the d g%&%;e el £ SV\E pl n dr VI n I&%‘J&% &E}:It:ug(aq&ges%ﬁa?és%}lg?t fgeeqémnmes

of alltthe rﬂ%ﬁﬁﬁﬁ‘@fneﬁéﬁ@&ﬁﬂ@aﬁ&i&ﬁzrﬂ he group of associated
transdu

cers. This subdi.vides the over al
{ 1 AgoRE gepea fdhe REGSRL IR TRIONIBYY NFLEEUP IR LG, MeggoBic
p1ezd@?é6h‘?@{ra.t%\&§5ér§ Phto ﬁ&hﬂs%@ﬁfgssuhh@r fedttg@t Gbqedaeles, and powermg
e

freqguency sweep. ef fect of _groupi ng %rr ansducers
each ooy wishatseparatedTsauEneY-SHE® RS BN YRS FHANALITOR HECRSRYPT operating

mthﬂtrysvpée%gﬂﬁgqﬁt fi't;y }ahgg Y GRiude’ tﬁ’@ﬁa%@ﬁdn@ GredherRies(dfABE giodp of

reqiency and thereby inprove efficiency.
assodihied ragsdrversi ﬁlumnsub@lmvlémhmgr@élsw@enérgsgwycrag%tnéwmaﬂer

subr%}%g, o‘;ﬁ i %grgael}/zoronq%g%t ({U%[‘lgp,pdnﬁzrg&!lc%g e x%n%l ggé&'ﬁcﬁéq%ency

asoni c ‘generators cou
sweetpr anscuffeet of gmupmgm:ﬂnyﬂm@rs/a ity prgpofticatady increasg dboaneunt of

ivin als a selec
ot e SR oo e T o PRI R reguency and
ﬂmx&%ﬂﬁﬁﬁ@wﬂ@ﬁﬂﬁﬁﬂy for exanple, for cleaning silicon
wafers or disc drive nmedia, sweeping the dr
o1 (SPTERR GNPt A QTR 2Py BN PaLo i poifsg one or more
piezbb&liB 8BAsdRER HADRSQR nfork MispashiAE Eenetatbls cxqpbddi toeh¢ he

nmegasoni ¢ ener gy generated by the transducers. a
transclgeE ToHBDpIARS HIZEIES T ERIIEY FRASRIATIC GRTES S Ens Seldetable or

prog&ﬁﬁiﬂat)ﬁ: ﬁ'éhu@nmaﬁgég‘érf@é\%e%lrﬁefsl bution of rregasom C
energy and i nproved performance. The sane inp

e J¥BeA MmeapNis PIORFRAF HFTdy o ampie fRrfieaTRs Slgaﬁ“ Hias or
disc AEvBHLEY, %@gk@a%'tﬁ’@ﬂgvﬁégﬁﬁﬂm&gﬂﬂw rél@ahdtidduéticies of all the

testing, g, and ot her processes using
thickregasudeanegasonin draasdusdes wilbemgliseths raggasopie 5P?F§Yta%erated by

the r2NG8 QL L ERDTBMse AEIHEATLES tPherform in unison. This resultsina

more uniform distribution of megasonic energy and improved performance. The same

improved megasonic energy uniformity and functionality can also be achieved in liquid
processing, non-destructive testing, medical imaging, and other processes using
megasonic thickness-mode transducers by sweeping the range of resonant frequencies of
the transducers. The frequency sweeping process will also extend the life of the
megasonic transducers because it is less stressful to the transducers than operating at a
single fixed frequency. The frequency sweeping process also improves the uniformity of
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t he transducers. The frequency sweeping process wl|

al so extend the |ife of the negasonic transducers
woecmus®sst is | ess stressful to the transducePeTiisam7/006885

operating at a single fixed frequency. The frequency

sweepi ng process also inproves the uniformty

of megasoni ¢ energy throughout the tank or other

appar at us because each transducer operates at its

resonant frequency during at |east part of each

frequency sweeping cycle. It is expected that any

application or process using negason fre nci e
megasarfi¢ enrrap throughantthefank AT PIHFHIRAERTY Cl’(’i'g rﬁfﬁ\@

operafés SEkE ges%}i Bb dlih e i84snBar beRh ﬁéﬂﬁl@b@ﬁsﬁéépldé’k@de

ansducers re nt frequencies. A key to optim.zing
It is eepéqteﬁ that w)oﬁprdlcn@fgfamfpéesﬁ psinegBegasonis Teqpendies Vot ?ﬁneﬁt

AlttBebugh all
from% gassgéégg{swﬁ (# OF &ar%ézﬂéd 9? g?gé Sl/legg%fﬂg% ﬁ%r LB ugh a
the trdrd¥duédrearesbnanh requahiciesi ng surface is covered by

kness- node ne asoni c.1ral
e
throu Qﬂé‘i‘eﬁiuﬁﬁ@ yfabyb&ng emlfegl witile nfezesméesc yToodo thiss preferably

80% P’F I@\élﬁ‘ggﬁ g nal 2o fl A_{} ag]gagmfgpsufgg&%gssﬁsytélgﬁ%g%y#ﬁ%ess-rgggyx%ggasomc

trans@flefO rlﬂﬁﬂfe%no%i %Eb}ﬁﬁl oRicGrdnkdisd preluceeadsistant begasonic
energi zed substantlal the same

eneray b SRS 08 GFeABEP P A AS UG SRl E‘Pg‘té‘?éﬂ‘&?ng‘ga?eé‘iﬁé‘% lowest

resonalt ﬁ*e%l éﬁ%legro'f‘é.'é’&lﬂéﬁ%ﬁ&ﬁdéré s swept through the
reson frequencies of all the transdu&ers egecpg
thEorrteagbmfnmfaunealfe%n@gaS@m% BEFT ORISR ST

substgﬂt!lé‘iﬁﬁm%\égﬂ% aklo ﬁ'ﬂ:ﬁ eBEorad trhfsiub&S BbAMd foltBE YaNE Yurfice. To

point in each cycle. This creates uniformty in
ac}ud_vrzahsdhhceh‘l\’p@’ fr@cmaﬁ:ce vt Breveibths rgsonant fecrugnrigs phall the

tranS{l?%ﬁlig’ t g%eepsmg fad ﬂegcn%t ﬁ%‘% It ldfed %¥ ﬁﬂﬁ@&aﬁgduﬁag AFIVBY Svery

sducer e tarn ect observed with
transBucee cit fts eesuamﬁ)ﬁeqagmmtlsomrmmdu caetscychh eTHis graatgsiniformity

effect is thou to be cer
b O e i e

f r BOlARH6Yn, d¥dqueiey Sva@pilg ofwhegasopicatinedsces rsilgees fai ‘ourttain

surge, of l1quid in the tank, bov t hat.tr nsduc
cffecgeT Y Vil FrEUORPE PERIERE T UeHy W giRaRtat et is
thougﬁﬁH rb%&:ahf@bﬁi%a@s’dﬁ&ér%ﬂeﬁdtmtgraﬂm gesoaintvikdquenot with a fixed
riven continuous| its resppnant fre ¢ th ank

frequaniciridaiyingygens ewh'ﬁgwf‘g@cﬁ%éé’cﬁn S0t WY %Fr?z ‘%18 ;{ﬁ%t
abox%lfté?(rq%agl E%ﬁ'eﬁq»eeﬁlhg ﬂﬁ@ﬂl@é&bﬁhﬂé RafcaYy dﬁwhglsf @halbysures that any

t hroughout the tank because al th
pampulanydumer wlbn@g’@rdameﬁgoewwﬁs Brtity TS%OHFH%‘T‘?‘I“WW’ us

ehmﬁr?a?iﬁgzm% é £R6Li8Rd FitSORToRRhiAl L. | MGteBdGhe 8¥¥RAFONIC

ncy sweeping is far nore dramatic with

energE g@i@ufnrmly d@quiened thsoughent thettpris berause elblarsdures arg qrerating
SutSt e endif RSB ARy Berl Fod i WBine o chuBi kéh flepWcle?

Frequency sweeping is far more dramatic with megasonic frequencies than

ultrasonic frequencies like 40 KHz. Improvements in power distribution of 500 to 700 %
have been seen with megasonic resonant frequency sweeping and this means substantially
better processing.

The features and advantages described in the specification are not all inclusive,
and particularly, many additional features and advantages will be apparent to one of
ordinary skill in the art in view of the drawings, specification and claims hereof.
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have been seen with nmegasoni c resonant frequency
sweepi ng and this neans substantially better
wonrorassisng. The features and advant ages descr POBAIS2007/006885

the specification are not all inclusive, and
particularly, many additional features and advantages
w Il be apparent to one of ordinary skill in the art

in view of the drawi ngs, specification and clains

her eof . Moreover, it should be noted that the | anguage
used in the specification has been principally

sel ected for readability and instruction es

ur poses,
Moregygf, Wﬁbcnﬂ_étbeﬁ’&@ @@gtﬁe &g@egeelbs. 4n ths snss 0@8@} Rastbeen
princ@hfé& g{fg?t%r% k?ﬁr Lel @by SRl iY@ HEhA PurpBrks, @hd niBEMthat@been

el ng neCessary to determ ne such inventive
selectsd ity delinaate omgircuBRCERe theSTrENEYE SRPIOR mpfterpreagyt fgsthe claims
. Figure [ . [ ! jew of a negasonic
bemgpr}eggsess |1tr? gdseé%lg%%%ég‘r,%{ﬁﬁg Igt E%tﬁga%%résent i nventi on.
Figure 2 is a top perspective view of a tank used in
t he nmegasoni ' nt
i nventi on. W?{g?g@@cﬁ%%g%%g‘ﬁwégvi ew of
thg is dnl SuEAl] Perbpectve viter f emapasonicprovessingtsystern
tank. Figure 5 is a bottomview of the tank. Figure 6
accordingylodhe BIRSERIIY PN t he megasoni ¢ processing system
anghpfreSPitd Pderspebiived¥iewtf altailkustiddnahe miepasohihrocessing
megasoni ¢ transducer with a generator that supplies
systegy pRtha resepiiaVenten- t he transducer for creating
MeFRARAY & ¥bhich peRpedtivelvidivbditidtahlne tank. Figure 7
is a graph of frequency versus time of a driving
si Bigure 4iseaisidn elavatiempiewi ofdhe ta8K- t he present

| MHERLd 91k 2 BO@RSidy bPuR yiaph of Trequency ver sus
ti of two driving signals used in another enbodinent
of Fighee pies schtematicamtw ofthienmegasemc preecsyie py§ien japg 2jsgctional

iow! b AR A3 ahfhifal som L Sith 05t that suppli
v1cwfo?21a%€a%fn § & saugc%&nlge%ﬁﬁmﬁ\%n%gr&}%e%gl siag%al S QSQ% _Siuﬁp 18
driviap eighels tetinotthmedoterddr ¢roating megavoniowibratioonin liquifircthe tank.

t he, swe rate.i he sane as .in Fiagyr.e. 7..DET x
DB ] PO B A R R RS iy (Rl sisal fladione
emb&@Rieat oV @kiReEnpietatisred embodi ments of the present

invention for purposes of illustratjon.only..QOn )
sk Fi8vsg 8iis 2 BFaphyt; %upqxcyr\@aéwsltgn? giéb%fi?émérs%a SHJng in another

embb@hlcAtb NheFir8sens fiventidhmtwisikh Gl Bidepepetivt aslizaaing asfn Figure
; the structures and net hods

Figure 9 is a graph of frequency versus time of two driving signals used in another

embodiment of the present invention in which the sweep rate is the same as in Figure 7.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The drawings depict various preferred embodiments of the present invention for
purposes of illustration only. One skilled in the art will readily recognize from the
following discussion that alternative embodiments of the structures and methods
illustrated herein may be employed without departing from the principles of the invention
described herein.

One aspect of the present invention is a megasonic processing apparatus and
method having a megasonic generator with a programmable sweep frequency range and a
programmable sweep rate. The sweep frequency range is the range of frequencies or
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illustrated herein maybe enpl oyed w t hout departing
fromthe principles of the invention described herein.
woner7asgpsst of the present invention is a nmegaBomius2007/006885
processi ng appar atus and net hod havi ng a negasoni c
generator with a programmabl e sweep frequency range
and a programmabl e sweep rate. The sweep frequency
range is the range of frequencies orbandwi dth wthin
whi ch t he nmegasoni ¢ generator outputs a driving signa
to drive one or nore megasonic thickness-node
pi ezoel ectric transducers at their resonant . .
bandwidgywishis which Themegasopic SPETAY QIR 3 IFRETERY! g driyggne or
more 51%%9%% i dEIUERGHE ?}1&6@1&3% RianB@iceSLAMEr rebBant frequencies.
soni ¢ generator preferably includes a controller
The sweepatdtl@rs the numbet dfigmee thegesoppatifreruiensies are WahPer Fsend-
sel ect or I atrollin
b ok 2p R b RRERLS FbRg e cP Gt Shntpolling
devicd Réthuaednsita fallbw aouser O saimt er prognam dhé Bﬁ@epofrem@prange or

v ARSI G R PIBGH cre

out puts
combliitiodls b iweepsfrenhcacanedhdgweep tateiodepnémenuderise of the

range_and sweep rate selec t.he user
gencaiprg ToF GaAG: BEBFPEARR L eI B e i e swecp
frequBhGZABEE AR dWedy RBSHIEREd 1Y th%ruaas ducers maybe nount ed

on the bott d f | d
O s woeioculow s o aiPR 5ok irle, B FRE0h e

transBE A YEREYdUEHS &1@5}966 ARVRRd %ﬁQﬁ’e bextdih oy eide® gas eamkeor enclosed in
transducers in tgp i cations ot her, t;gglcleanlng11 4
an inPressibleeanfainewithinghe ke e SWSERPE AFAP SR SMCIgIPRY Re use

to drgb e &%ﬁ%}g&ﬁé %ﬁgd&e&Qfl %Bbﬁcael%h§ ShEPAWA cisanttp] Drefesatitiy the

tirtanate or zirconate ti t anat e, oper at | Z%
transducammmwslqcrtmecrystglsm pizpeleriistcesapis alsg kagwp as PZTs), such

as b%vu\gg taﬂ %%? ?&%ymx[cgﬂgt%élt%ﬁté I&Eexsclﬁg? iPIROERSs Adte S UM Bferent

Sone par t tain frequencies may
swedp@ated be sxeéé;eﬁequeacy nEnzes tm’élﬁ§aInA pesese may [eahanggedgaging of

the frequency of.the drivin r ted
som§ PRt B paghath fredtaRes g bethald vt 0 Mbe
dr Avdevicesh@sveepd i fianeneyd ofﬂmmldvu@sgml isimcorporated into the
interface that I nclude ne. or e ut devic
megasenif SEackatylat grngrates ng‘mges g‘ﬁ‘iyﬁéﬁg ef%tr‘“él fites a user

interéRethdt Hh QLd&Che dIehdRIKp & @RS, Isath as)kn(ﬂishéllalsl, Erpﬂ:ﬁare
devices, that permt a user to set a s

Keyhoant Exhicah HERRIBITT6% SEHT ARG OB PP R geihat perit

a us@'ld s&l SQvdeD ﬁ&fueﬁcﬁ%@@ of BhrRivAtith bWt th1&1ﬁﬂ@q&:ﬁé1&tdﬂoperates and
sweeps t hrough programed range, The controls f
also (s 69t apFWRgP ARtdiah gflm%th§ \RERGFAIOF é\ﬁ[&%ﬂ?&?’ Q“&ﬁé}ée BIPEARRE range.

The f_gxgt?olmr Re LA e Yivedd frefSerthQuibd hdFiviseh @ste may be

iment of the presént invention is a
analog eadigitgl.

As shown in Figures 1-6, one embodiment of the present invention is a cleaning
system 10 that includes a quartz cleaning tank 12 containing a cleaning liquid or solution
14 and one or more pieces 15 to be cleaned. Megasonic energy is supplied to the cleaning .
liquid 14 by one or more megasonic frequency transducers 16 affixed to the bottom of the
tank 12. Alternatively, megasonic transducers could be affixed to one or more sides of
the tank or immersed in the tank. Preferably, the megasonic transducer 16 has a
piezoelectric element (PZT) 18 adhesively bonded or otherwise attached to one side of 2
silicon carbide plate 20. The other side of the silicon carbide plate 20 is adhesively
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system 10 that includes a quartz cleaning tank 12
containing a cleaning liquid or solution 14 and one or
woun@/pysses 15 to be cl eaned. Megasoni ¢ ener gpCiraIS2007/006885
supplied to the cleaning liquid 14 by one or nore
megasoni ¢ frequency transducers 16 affixed to the
bottom of the tank 12. Alternatively, nmegasonic
transducers could be affixed to one or nore sides of
the tank or imersed in the tank. Preferably, the
megasoni ¢ transducer 16 has a piezoel ectric el enent
(PZT) 18 adhesively bonded or otherw se attached t
bonderher atheraviss attpcked e oisids BRIt sdacst the, elegrRg parls 13

Prefepa b1, Bondidg15s 68 ‘Bgi\,&je%n%@ﬁlﬁc&o chrdidRGIAs 20RO 8’ 10rand

he€rw se attached to the outside bottom surface of
betwd;dmethc sidigan ngrb:dmaatpzand thepiszeglesiric skameant 48 AEg eqrapossd of

perfoxbc‘t%d\ggeé])ei' ?cﬁl ecfﬂflpé 28 %oﬂ d\%t %h%gv@nglt'éﬂfatltv@@k thtdbonding

C on car ate and
layerpiraydel o@mmsmd ef Qtrmuytor béhex raéhcﬁ@muﬂ?é dondiehopflinggemiconductor

and an |npedance mat chi ng adhesi ve.
chxpsﬁpzp#ﬁesy Ttﬁ'f‘t % he bonding | ayers may be conposed of

e Mpﬁkoé)édtﬂé eRaleas catebeisanrd, oectahignl dromda mgcular disk, or other

sem.co ctor, .chi ack substrat
shapphavigg Paitors i geRe o KA dof e LA ol froquengy of
1,006 KA ki pigkoekactrd el@inbﬁf 1$’W@ﬁm }ibfii%lartblckﬁesfsmf bout 0.08 inches, the

s g Pt 20 eobmRA A eRoB S e S ARt pytom of

the qY&QIL& thoRAVey Gl b Gk D BSSIcifss BDAHut 0. VBnkReh H&ansidh@er 16 and
I1'icon carbide plate 20 woul d have a thi ckne&; of

clearingaysign 1 s Hehere example RE2 HaPIBIsPING dRpa tjngpyporates the

pmm%ﬁlﬁﬂakg have a thickness of about 0.20 |nches
ransducer 16 and cl eaning system 10 i s just one .
exmhewoﬁn Higuresris e traapdncapspls are peeferakly rectangular in shape

and ?fl NGO ragg (@ﬁa&&lle%l h§ e ?([heétﬁg{l lir@f’e?aﬁéﬂl Ofle trAfsdRIAENN Gy&ver a substantial

gure ransducers ‘are preferabl
portlbﬁ @tf shrechotiam surfwh af ¢heatadk dﬂeplaferalﬂg@d lepstr 81% It is dewieabie to

her. Preferabl r
encByE SSETaY SR MSh BRI b o L L ety
throdghouptiefentitddrga af tHe&ﬁBﬁacBﬁP/ﬁvhich thstraessiucabll6 aroattached.
gener at e negasoni ¢ ener and transf it to..the t
CovilSnich e A BEo T PG RO T CREOE i S it

ensufds th@lﬁhg el id enapby ﬁ’énﬁbﬁed tcaimﬁdwi@ 14 1s’h@12ﬁfvei3} uniform.

att ache verlng i gh per e sur fac .

ar & hpwore Fgg Optetmmsdiders %5 %&B Y ‘GP%§1gP§‘a%“PPhed
overll dMEtHIBAIAARIS wﬁ%&ﬁﬁasfeegeh&at&%t hﬂlefédﬂbﬂltc]l@ﬂ s

relatively uniform "As shown in FEigure

programamed byayusen thrapgh jp$ey dppu T éfltﬁlff?‘iﬁ %tosﬁebm SWEGP pTeABERcy
rangg\é)? 'b%ﬁ AP AfcPhe WeBS r4é oPyheAirRing E%ﬂ'ﬁﬁ&%ﬁa SN8E @bf¥rator.

(<
e generator 26 is programmed by a user through a

us & niegpranicirequeney pigzeelzgricransducenapaaiss in Hriggisenmpde such
that a ?}glge‘?‘ Wit ?p ¢ g{l{% 2abdle t§ LRSI A oRfradt IR tHibkds8 9These

y the generator.
expansions and contractions are transmitted through the silicon carbide resonator 20 and

tank 12 to the fluid 14 and objects 15 in the tank. As shown in Figure 6, these

megasonic-frequency vibrations are primarily horizontal waves 17, provided that the
transducers 16 are on the bottom of the tank 12. The waves propagate upwards and
convey particles cleaned or separated from the objects 15 in the tank. This is a processed
known as micro-streaming, in which there is a net movement upward, away from the
source of megasonic energy. As shown in Figures 1 and 2, the tank has a weir 21 over
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A megasoni c frequency piezoel ectric transducer
operates in thickness node such that applied voltages
woauwa0e3e transducer to expand and contract i RCT/US2007/006885

t hi ckness. These expansi ons and contractions are

transmtted through the silicon carbide resonator 20

and tank 12 to the fluid 14 and objects 15 in the

tank. As shown in Figure 6, these megasonic-frequency

vibrations are primarily horizontal waves 17, provided

that the transducers 16 are on the bottom of the tank

12. The waves propagate upwards_and_ convey parti cl es
whichc¢xsarreluidrand ppetickesdip T ofha iR 87 apd &ites? if rqcylgigand clean

thefh-ll;ﬁl S is a processed known as m cro stream ng, in which
ere is a net novenent upward, fromthe sourcg
e

ofR aveqrs drequenayds gyneraldy %ﬁcfmumc gredhe meghppical ap
elecn-ﬁzgpProE)%ﬁle% Weitan n%epxﬁeﬁbgttégﬁaégﬁg f.éﬂﬂt goﬂmwaves. In

A éw, " to
mega$@ié trauédmtcasalpdrauhg anmﬂutlele‘ss wiode, theﬁun!mws bf bgieansduces

f th
corer SRS oko i S5aFEleEE By ] L E0R S G¥nches ik
will Habé hebsabhiyfrédueneyrof atoay m;momm&ea Al transdygees Gt ¢s 0.065 inches

transducers atin eSS D the t
i S G L A ER P apdd P A5
incheE ®HicR ¥allMade a @esbﬁﬂﬂ&fﬁqﬁeﬁcﬁ cﬁ&ibohﬁ 16000R Hizn dmmeﬂrm i‘xekonant

wi || have a resonant fre t 1,000
frequeneydg ysed herpigito paeap ﬂ@%‘é’ “gaﬁ%w APPAGYY efs thé'

transdfeP A9 Hst Al GHE R GXtuedl réd%‘ﬁuﬁcel 230 KHz. A trans d ucer

that 1s 0.050 inches thick will have a 0
f rag gtgtﬁglyabgf/e ARierociastic wapsdugerhavingg thluggxs 0.080 inches has

|gdot Hes'i\nto‘lé}ﬁndeQﬂﬁ&E,th kness of such
aﬁm{l ﬁgﬁtgo?dn?ﬁgaﬁ%ﬁgsﬁahdgpe@?he t ransducer lekmess of sueh a

transdm hhs$ adignificant ¢f£¢q§ pathe esean SEqueneys tﬂaﬂa@m&%waﬂan of
0. 0010111%&%3\1?8 tcgtlxs% fa %ﬂ)%ﬂf’{i&iueg@y 'vglgarf'betc}f'l@l@lgﬁﬁ Qtlscp thngo major

as a resonant frequency of ,
surfakédzof the tmhaimamhou}d henBattanidslorpd asarpbutamyyaranees g6y eLse affect

e 55 LA R e O R R o

transB8ERH o havielekgetiyniby: sume iresmmumeqlﬁnSy,rﬁ-dzn amlamfadtﬁmg toberance
f_the tr ucer shoul

standpohg) RmBeoL oY e MG TGP e P ovention
overéa& W ofstemlency. Even though it is desirable froma

per formance standpoint for all nsducer t
exDoeagvarniaeselihe P@ésmﬂwwaqﬁ&w? %ﬁ&&queﬂcy of the
dnvﬂ'}% @%ﬁﬁh‘r‘&ﬁgﬁﬂhé adsBhait FreqaibdieIef A1t theltiankcmdefﬁmﬁﬁbutba lthe sound

wever, requency sweeping of t se
MR AT 1 g =L O PRI Ry A sstagytially equal
meg%ﬁlcﬁéﬁdgﬁﬁmrbﬁyﬁﬁi heRarls THIZ s imyRRAhiBedalise the @BivRASY-mode

I vin nal throu?h t he resonant fre({uenm es
transgficers mrcvmetsmanb‘dm@rthawayﬁ yotieadlly fram the hatiom to the top of the

tank with little spreading in lateral directions. The even distribution of megasonic energy

can best be achieved by sweeping just outside the highest and lowest resonant frequencies
of the transducers.

Another advantage of the present invention is that it accommodates tolerances in
the resonant frequencies of the transducers. Performance is best if variances of the

resonant frequency are minimized. Choosing transducers with exactly the same resonant

frequency will help minimize variances (although at increased cost), but even then there

will be some variances from the adhesives or other binder materials used to mount the
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waves equal ly anong the transducers. This makes it
possi bl e to have substantially equal negasoni c energy
woOhoaugdssit the tank. This is inportant becausecris2007/006885

t hi ckness-node transducers produce sound waves t hat

travel vertically fromthe bottomto the top of the

tank with little spreading in lateral directions. The

even distribution of negasonic energy can best be

achi eved by sweeping just outside the highest and

| onest resonant frequencies of the transducers.

Anot her advantage of the present invention is that it
transmmmamee@x viriatign dethickness ereates a yaration léquzféwe’fl%W&P

thlckb% c?hs Retd: fng‘iﬂ& ﬁehﬁ'e&?%tf thd dx\lﬁhg 31pn8Backbrding to
er e

requenc re mnimzed. Chooslng
the ptasmtsdwﬂm amcomrr@;da@‘s sycht inevitabhe vazationsnt fre quency

étflj le fBFr ac{Ua.maég of ﬁ’{ I@&%ﬁ?nﬂgﬁ}xt&m}é@aﬂ{ rédﬁ@és%%?é’eg of fluid in

even re w e sone vari ances from
the tatdke Witthest ssezping the Bavmmsthat tlmtremsdalcsrs atexiclpsestriiouthe

t het r ansducer s .be vari L8
freqt@p@é? gme;%?$ ﬂﬁl%(ﬁerr tofcrr a&% % 8§/VGWI PHH;}# %ﬁ%&gﬁtﬁ%ﬁhes the
fluid PRlatE, %bhﬁﬁﬁaes%‘é@ﬁﬂhmg twh éndhee gbencihic sfirfadededeli \%ruplg surface
si gnal accordln t he I nvent
Surges e alpﬁ%WF‘i“attﬂcé %‘F ‘F)é‘fquﬁ%élr %‘SF? Frfcoﬁ?ﬂff“l!’fg Fntgg‘@ea L& ge oif%
reclr%tlhﬁteﬂr @ﬁﬁ:tﬁhcah{iﬁt%f(i’éfe\f}vﬂltﬂh ﬂxe?ﬂ@éasbﬁlcrlﬁdcwﬁﬁs Setgeg e abdo a problem
idin e tan out sweep
el bl M VAL PO 11 e S 6 R et ity
oper Ellik?mdfﬂe\ﬁesglesih WPdred %Bﬁec'idllﬁﬁ'@l@é fud 1P aWaEidWr oﬂ{@x‘\/hﬁihrdous

orce t hat "pushes the f1ui d upward, sonetimes as.nuc

matesiol.{ Bivernion S HHGVE SEREl vl fhEGREI<BY HIVeNOR FPONGFYHERS ploblems.
Su [Ag.esﬁo@ﬁ‘?n rQ bl ﬁ%ﬂ g@?&@ﬂﬁ 96l ARKs ARUSERhEY 69&1@ @nvmg signal

|ncorporate lurd as 1t is recircul ated

as a fitvictibn oﬁnmmtrsxrfeaamplm the fraquenesyefbaidsivinedeanl mag yage inearly
are.al

i 774 By RS el Beckbl s 8kl e

resofifift Ifﬁlﬁéncﬂétd?; bof slhthepecgabenit transricarsel®d, Esqmealﬂeﬂumcy range

luid,is an acid or other, haza

or bagiSugRy Toh BRRPOT PSRBT B op g Sl Bl 4 Rlmory davice

assoEi@EBdG\ﬁﬁh thegsenitoll & Mhe At #tfwehich ite fﬂ:gmney Varletshedetermmed by

the %q?egg %gtte%o ég.frﬁﬁg{ li?ygwteglgerz q:ﬁ%lt{)ergégq amh € ol rc& \Uhcgegof the generator.

The lERGHRN Giin BE ptdiBadideditd YarSi tHE ﬁleqﬁa)més&b’ﬂthé dﬂemg|SLg1Qha®ord1ng
saw-t oot h paF

tern over a_progranme regue
to othghfmctiony PrpToRFERS ARdeeH 8ot léf‘s]éwafﬁg to 1 rga%é{ﬁ% g@s g“% foym a
tnar@uiar%e@gﬁqabﬁ ﬂa&@ﬁ‘ﬁé&l%ﬁgﬁﬁ id Figul8§. Sl“lﬁ&@ﬂfaﬁ@ﬂﬂﬂﬁé‘c}hency can
range or bandw dth generator is programred

be, fog examm sinpsaidial; wp&nﬂ!ﬁmbraylddgwc@n%c g e e Bsel
ﬂ% %et oda ﬁs(élala@qy zﬁgﬁﬁr Yr ol SPhveBapd. COMESPEpUates B8ed not be

sweep rate progranmmed by the user
the mmb for oweeping wn@mquasmmfrwenw)tané dexynayazdpidecrppdng

ﬁ‘eq?%r?ce é a?’referag & n A ag%g%@ get ttl‘?e X@I{IMCII &epeg‘irogg Hl?@Eé.neecstéyhsh rest

Vi ng
times when the generator shuts off the dnvmg signal.

In a cleaning application, some parts may be best cleaned by a single transducer
instead of multiple transducers. In such a configuration, the performance of the
transducer can be enhanced .by using a programmed software program that identifies the
optimum resonant frequency and sweeps through this frequency within a defined range.
For b|est results, the driving frequency can be swept through a sweep range of 1% or less
to ensure that the resonant frequency of the transducer is being excited repeatedly. A
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to other functions or prograns and need not be limted
to linear functions that forma triangular wave or saw
woaoei7nogast ern as shown in Figure 7. The vari aPCOUSR2007/006885

frequency can be, for exanple, sinusoidal,

exponential, and other functions. The driving signa

itself may be sinusoidal, square, triangular, or other

wave shape. The sweep rates need not be the sane for

sweepi ng upwards (i ncreasing frequency) and downwar ds

(decreasing frequency). Preferably, the user can also

set the nunber of periods and can establjsh rest
benefijagiiha Preseb AaveabER 1WAl s Fetees 1 A ot REoSr G oni; ipauency

dnﬁn%@e@:@h QPéoh&itﬁ'éﬂ'ﬂlenéPmeea@H “tlta%sdmﬁér B%eh@@&xdiﬂe@ an&dcycle

e transducer I nstead of mnul tl%
even tfnadsldgc,sewsh tinme, mt\hdqi @Qhﬁhﬁgmear ranze of fhengwidtly jsgide gnough.

of ot he mtnTjé,g ﬁ%{'@‘ér Resd 63&& Usdd'@ra gﬁven task or

progra rogran1t at entifies
proceesgtm bl @se fian bomnmuenkyeaﬂdrégms withdlygysannd generator and

drxvn%%gr&qi W}hw jul gﬁl%&gagxfs Clgc%d éaglg\gdp Wev?re ﬁ%eré ﬁﬁl&ent&be a single

optm{lﬁhlil ﬁ%q@éncirodue to pexfernhance watiatdortshaat] m:trmfaceenn@mierances among
o t.he transducer, i s bein

requenc C
the trpRsgudra P yoOORlion SIPRIGE Lot B mSP o DR R hayingponant
ﬁequSﬁm?fQitﬁﬁ%a 3%&0315})5 ﬁé’ﬂ%@ ot e:@drﬁpl@f atr 190K E, 4 4%aaegecyould be
ri I n ecause e reso uenc
plus x i 2OJFHE drogpe thspogxiank 1&3’6&%% fcﬁaeg%eé%&ﬁ"hﬁ Q0 KHz.
C hfi\%@ﬁ ﬁﬁ)ﬁ&tlbhmcc&ﬂ | td @hle f)ﬂ&@énttlﬂi]ﬁerﬁl‘éﬁeﬁ id @p@6pridite to

bandw d |SW|deenou g{,hrrultl Ierreasonl%
repeqwcungwamﬂ@ fiesugney CBa drl&ngaﬂ@?aé epsyeg that atjepit sqme of the

time 'tﬂé %\Aﬂt gllke? 389s bf)erhﬁn% NOFHRat Bs Flsbhit FdqubicdN I8 Weddr 3o have

sane generator and driving signal. Were
each rlmhsdnglelﬁ ppaTe LA OF Dearrits Tesanant FHeAOREY,, the FeRcTator §WrAS through

a preggterm%cg g,lvgg;g %%{;ran § f EI?%r | UHAGY dg%lgnécpto%&flpﬂlm@st and highest

Variatrons ng tol érances anong t
resorianafisqusmeies 3 1 Rifobie gtouprof trehstumarse STheewsepingrremgaaoiingtion of

transdycers hayving resonant fr
the EOEERZA QG coPTP RLAMMACCS AL D00t T Bty b Rt fan be
fixedbrlis cA1 béhrogsarded bl bE vatabldas wapeed(svi@pHpétHecomt) on range
range qQf 980 to 1020 K I n such applications,
(mmHBE‘E}raéI‘Flﬁ’@a’%‘%th CHIPSIEH i nvention, it is appropriate

t OAhﬁﬂféﬁhﬁﬂkﬁ ofSthe %sbﬁﬁnf/érﬁwiﬁ@m%s&ﬁ drb@inlg the mggasonic
ignal to ensure that@i\e1 | east so of .the tine

plezwlma trepydugersiintogpaitinls ggues agsprdRafo thew fF%’Gﬂ%’%ﬁ?‘l‘FPWS and
dnwgg C&&H gro_lﬁt) WiEI£ EepaPatl INBaB & TR qhERRAAUERE sibBal0 PREMIRCcES with

o near its resonant fre uencx t he generator ?ﬁe ]?
SImltan reseptntfrosnenrieerrgisrepcd ieesiherta gebivehe mage of fggugngies
?@Nﬂﬂﬁ‘ihé er{e?@tﬁpnﬁlgtes&&’:%ﬁ ordRdo Bp&hRShe LS Wtansducers at or

equenci e 1 of the group of transducers. The
nearsheiersispant :f@qumc;s fltnd@m @ﬁeﬂh@cgémwfdhe Qwe%ib\?é’f%ses the

time] tﬁat acﬁ%ﬁs&%ﬁy@éérﬁgggtormgr S FéﬂHﬁa{{ﬁ)ﬁeg
ra

I'on can I xed or 1t can be pro d to be
v arALsetbé eangs of swsge Gdqians cpyeppe issedered) therateaigweep can be

increased to create more activity if required by a particular application, or if the sweep
rate remains the same, then the repetition rate is increased. The result is that the
megasonic transmission at each transducer’s resonant frequency will be greater since the
sweep covers a shorter span and the transducer operates for a greater percentage of time

at or near its resonant frequency, which increases the efficiency of the megasonic process.
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(m ni mum and maxi mrum f requenci es). Anot her aspect of
the present invention relates to grouping the

woRrgHESI0YESS pi ezoel ectric transducers into mnult POTAIS2007/006885
groups according to their resonant frequencies, and
driving each group with a separate vari abl e-frequency
driving signal. Transducers with sim/lar resonant
frequenci es are grouped together to reduce the range
of frequencies through which the generator nust sweep
in order to operate the group of transducers at or
near their resonant frequencies. Reducin

) the
f riddepoioyisibusyateintigustded A SRJaBUREHe 25T BRTAOr
swee-;?satﬁg dh@?%%%f?ﬁ%@ﬁ MiBindh 20 iBdhuld feqiRn6R8BVer a range 30.

requen e range of sweep frequency coverage is
In Figuee 8o, ganemtorstace uieddasepercdhn strae pHerpl 2an8¢, byt ach geperator

nor e, act | yi I edui rd . ¢
v R ! A R S OB Oi
resonhgfeéquehdcies 3 Btie thsupparsehmege 3Thend dmuther half ofithe trapsducers

nmegasoni ¢ transyi,ssigon,at each transd r'
nave SRR R T B B8 SR A B p 50 e
unit tFhO1d tBE s&hémh Figdrdsivearid SinkdRigere Ypbe ateef flmngea ofj theasvercping

percent age of ti at. or pear its resqnant frequenc
sreavhppch o tres RRweds PRt PERERsds b TRIga b G Sinany
sweeg§Qé‘c%%%g@&isﬁmeqieﬁbd!oiftﬁdé. ustrated in Figures 7, 8, and

. In Figure 7, a single generatqr sweeps.the grl Vi Q.%usedin

si 47 an exanpleOf SFRUMRS: A Rk PYRIYS TIEBHOBI T HS IueREy
a proEé’é%Siﬁvi%%-thé FolfoviHE SoShindl WesoBaMEk &fueh&ied(if KISHH tO

cover the sane overall range, but each_generator
covers 30HMlbrange 1830t hat i siBRe-hal f &#0% he ful |

range 39g;dial f of 1phg transdypers havejpssonant
frequencies 31' in the upper subrange 32% and the

ot her h#022 of t he 10d4nsducer¥Xave resdftht

frequencies 31: 1n QVEF 1 SHPLRRYE addaxi AEHSEHZ.
ThesS#reg&%%cb%srﬁggefﬁﬂl a”%'ilhrr‘ﬁrlérl I's fhe sarneq:é?rall Fi éﬁl}ggo7 and o8
total SanderofBi6gKi e (018 KHiz) caiteredfat ¢ B2 K&z fSwénpingibe fiegygency of the

. frequency i.s.the sane in Figure r ' .
i R B oo B B B g ROt e
a totARepOFBOKIDE, time. As an exanple of grouping, assume

that twel ve nmegasonic transduycers are used ip a
o Sbese G TR HERS GPAIORF A BT RHG e BSGRE and B, to reduce the
Swegf,rlggg@nci es (in KHz): 1010 1030 1015 1007 1019 1004

02771038 1022 1014 1031 104Q These _frequenci es range
froma KienEseRdf 1004-KHz t SRR Bmmof—1040 KHz,

- for a tqpgh range @f1436 KHz (48 KHz) caosered at 1022
KHz. Sweeping the frequency of the drivi ngesi gnal to
i ncl ude 1088 resonatf!5frequendfP®s of al I108%el ve

transduggpg woul d fg@uire 1030 1040
The transducers driven by Generator A range from 1004 KHz to 1019 KHz, for a total
range of 15 KHz (+7.5 KHz) centered at 1011.5 KHz. The transducers driven by
Generator B range from 1022 KHz to 1040, for a total range of 18 KHz (+9 KHz)
centered at 1031 KHz. By grouping the transducers according to their resonant
frequencies and reducing the sweep range for each sweeping generator, the number of
sweeps per unit time can be increased or the sweep rate can be decreased, either of which
allows the transducers to be driven at or near their resonant frequencies more often, which

enhances the megasonic process.
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a total sweep of 36 KHz. These twel ve transducers

could be divided into two groups, A and B, to reduce
woOher7s0e3p range: Generator A Generator B 1004prd0142007/006885

1022 1031 1007 1015 1027 1038 1010 1019 1030 1040 The

transducers driven by Generator A range from 1004 KHz

to 1019 KHz, for a total range of 15 KHz (7.5 KHz)

centered at 101 1.5 KHz. The transducers driven by

Generator B range from 1022 KHz to 1040, for a total

range of 18 KHz (9 KHz) centered at 1031 KHz. By

groupi ng the transducers according to t eghl reso
f rlaget Peastiem dhe wHeFe; fFRAVERSY an&%i)arﬁa?ﬁbg gy o :

maxﬁﬂﬁ? Jﬂ)xﬂﬁﬁ?x{ ﬁ:g@ﬁant REueEgor e BYRLREd REAsAIDES. Solih the

I ncreased or the sweep rate can be decreased
exampla zt’u@rve,othemp@m frairangy range of GensmierAgnight beseite JA03 1o 1020
s G 2L O SRR RUEERL PR AL Al b o
102139 em Kﬂ-ﬁqorermjb to 4042 KHa. €Tkis ensireg et %@lﬂ@ﬁ@@ef perates both

m and m ni num r es f
belovg gg% gﬁ%‘fe 1as TeSopAn %l];encg ét?%cl:hnfr%ﬂ%ﬁgi E\?g ov i alﬁl aéllows
for sl‘iigg gﬁ ttHef I?g%tgﬂc}(&edimges difiat mjeas?uo (g%?tomeghng be othet varibles.
: 0 or to
f r EEAEIRSTTS e BRI P BTV sYhien of Brestd pmope
mult%@égys@ﬁs & pr&@%@ed(ﬁ:eﬁeﬂﬂ& skl tariddiuslye Fou eeampledf thescdre two
a

nsducer operates bot el t
an o oele o +0h 18 BB B e Al 65085 one an

grouf tlaB¥McER & thd Brgdr uhlRrdetTaMaRinsfi@avIeN tHeaolthalts. Grpupings
occur due to heating or ot her vari abl es, Transducers

may e futdeergeloaisddo RFAdNEn 3 HOTP RAHT SSHU s dhe I pTTs paggred by a

smgl%Ir ﬁg‘&&g d'a‘ﬂok theeto%é%{e%F&) éHchR)‘tﬁ&Qﬁ%@&i RRB RS Ak tank to be in
taneously. For exa if there are two tanks

the gmm Bedausphld ransduser o Séa‘éllﬁ'm&ﬁas%dhﬁ desigier ajjthg trgpsducer
layo#t}ied LIl t anequst, ths? Qﬁi F%Vaggg&%%ﬁgﬁéwm rdgafiiMo where

ar er ‘univers on the two
therhank&so&lmmbugsammcalmlfurther sel ected to produce a

nore unifor sult. as the tr d

o1 51 GBS O oA S /U R RE ML BB MBS, e that
the safneltseerhégnsbhie taasducesdet fattbia the ptdvemgreaam,pl@c meed on

|1, transducers work sinultaneously, the designer of
twoa’rf?r?ﬁ‘téﬁé‘@ﬂcer | ayout can focus on maxim zing the

ef ficiengakalf the groupi ng wrkheat regard to where the
menbers of the gro I d.
Dot e 9oHPR are 109318

1007
1019 1004 1027 1038
1022 1014 1031 1040

The twelve transducers of Tanks 1 and 2 are divided into two groups according to
resonant frequencies and are driven by Generators A and B as follows (with the tank
number shown in parentheses): '

Generator A Generator B
1004 (1) 1014 (1) 1022 (1) 1031 (2)
1007 (2) 1015 (2) 1027 (2) 1038 (2)
1010 (1) 1019 (1) 1030 (1) 1040 (2)
Generator A drives four transducers of Tank 1 and two transducers of Tank 2. Generator -

B drives two transducers of Tank 1 and four transducers of Tank 2. Since all transducers
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As an exanpl e of grouping anong nultiple, sinmultaneous
processes, assune that the sanme twelve negasonic
wonertgdenser s set forth in the previous exanpl eparais2007/006885
| ocated on two different tanks: Tank | Tank 2 1010
1030 1015 1007 1019 1004 1027 1038 1022 1014 1031 1040
The twel ve transducers of Tanks 1 and 2 are divided
into two groups according to resonant frequencies and
are driven by Generators A and B as follows (with the
tank nunmber shown in parentheses): Cenerator A
Generator B 1004 (1) 1014 (D, (1022 %1) 1031 g%% 1007
are ogepytingDatihe same G, {iny sroyBme@PwEdhe P19 25RPIYOPIp SYY§Ep across
mnaﬂ% é 040 (2) Generator A drives four transducers of
1 and two transducers of Tank 2. Generator
d rThLEsmt dlearting Aadioiber BrogessyniTkere MAGPlaRks ‘Praﬁi’&?t}@é\f g used,

the el rﬁégplfla?wn %E Hﬁﬁscﬁlcérstlﬁ E¢dnid ro? S?Q%QEM‘% 8dmb#ed to

group OWs t he enerators to
creatememlmmoﬂmht cdiﬁercalng@ss toTheugrouped tsxlgeﬂaﬁr, rrgjtheergh group

ces es where nu I
poweﬁ%‘@ﬂly Bffg ﬁweep%pﬁﬁna'i |°orn IfiJo? % é gg%r sﬁ Fﬁégrr%s s four
tanks] @8KSlueérsFpsh @fs of alh ob thedfoubianksimay bemetwarkedh tqggthentmnchleve
assortnment qQf frequencies to be ed,,t eth My
the OB NN POBS L BAET Oy oL RPTIE E SR A1 SRS raysh bb e
at thd ¥ ENRETbLsuch gr@&gm@r ocesses using four t anks
transducers fromany or, all_ of the four tan
nefpetREEPeEYR e Pretssmaem”é\?@ i3 fhe f&ﬁ?ﬁf&‘ﬁﬁﬂ%ﬁb“e"%ﬁ*‘“m
transHh&RAYBHRHER dRELBWRER 'aﬂ&thegtnﬁﬂ%sﬁsch&k khePbdrees 6Lk 12, using
nust be active at the same tine such nPg
perroeaneetpue TP GaS GSEHRINE AR o AT SIHEI Higures 4 and 6,
ngétgt@g ﬂﬁy thhQfucef 16 ?ﬂ: mh%lliéoﬁ%%ﬂﬁﬁ@ﬁlaﬂ@mméﬁthe

ment to ano ructure such .as the bottom
piezasfectan klet@nt 48 and the q@éﬁaﬁwﬁﬂ@@l%ﬂw tan‘s}% ©r gihgr structure to

wh1cérm? ﬁgr?s%%cg&ts%ﬂh da% %ﬁé@%eﬁcﬁ%&ﬂ@ 1'§'bgH&é?§t04h@9ﬂilcon

e negasoni C ans cer has a
carbiglelplate ao;:aardmhd esgidlpidpnded vt tabo 13 Metild@lnémgrlhzers composed

ne t 18 face of the i ng tank 12 or
Ofag?ﬁ 8?%’epfgéﬁﬁﬁgprﬁra?éans%%cg% i s attached.
Thehe peifeﬁitacwpper @redentinda) fsil bopdeds flamesseandivnifoonity of
thickness of the bonding layer 22. The perforated copper has a predeterm{ned thickness

that allows the adhesive to be evenly distributed, thus avoiding irregularities or non-
uniformity of adhesive thickness without using a jig or other stabilizing device. The
perforated metal provides a controllable flat structure to maintain uniformity in thickness
of the adhesive. The perforated metal also serves as an electrode between the
piezoelectric element and the silicon carbide plate.

The application of the present invention is not limited to cleaning operations. The
same principle of sweeping the acoustical energy for megasonic transducers can be
applied to other uses of micro-streaming of megasonic energy, such as non destructive
testing, or any other applications using thickness mode transducers having fundamental
resonant frequencies of at least 300 KHz. Sweeping megasonic transducers creates
greater energy bursts, which create improved and stronger micro-streaming activity which
improves the efficiency of micro-streaming cleaning and other uses of micro-streaming.

Micro-streaming is a flow of energized liquid created by the release of ultrasonic energy

13
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carbide plate 20, and the assenbly is bonded to the
tank 12 with bonding | ayers conposed of a perforated
worb@i109351 , preferably copper, and an adhesi veCcT/Tise007/006885
perforated copper (or other netal) foil inproves
flatness and uniformty of thickness of the bonding
| ayer 22. The perforated copper has a predeterm ned
t hi ckness that allows the adhesive to be evenly
di stributed, thus avoiding irregularities or
nonuni formty of adhesive thickness w thout using a
jig or other stab|I|2|n9 devi ce. .The erfg&@%ﬁf met.al .
that ipaswerkstoganssavipliam| A1 fiedgencissig £87es Ph Zypyitations
ceaseL{B' QF Bhi the 'nﬁ:g'é&hﬁg AR§RerRly chbBRyaF6A&] ¥ Bow UTehe I1qu1d
orated nmetal al so serves as an el ectrode betwe
t Hérom e ebp e descriptivmitwill haarpasentshatitheinvention eléclosed herein
in
prov b2y ARTLSE nih HHEpREEREN. R, i o iing
a varfbizefpequgnen énamgwsgna&.a’[[‘he fiaegping drscm_sgas@ﬁq:lgses and describes
mereh{r s d g Sﬁﬁﬂgs g%éslrg}%lr&s oe;]f*ltéér] fesdlt ?r?\he%glgn.n 6&# will be
undefi@é‘dd’ by:ﬂlbyefatnﬁhhr with the aratiie QNeﬁtlom ppnlylh@gdrﬂ@qﬁed,@i vagious other

formt ul ég > éét?r?ﬁ? frér%l 3d U'C rggﬁslg%\iﬁaq %gwggtgpstl nttﬁereo? SRQ&Q&meg,
the dtdbﬂﬁﬁﬁttﬁﬂhé pﬁH’s&&hﬁﬁerﬁfoﬁaﬁ aftereied g pe B)llhlmfaﬁye \/H‘ut nht_ llr_mtmg, of

create ipproved and stro . mcrqg:stream.ng activit
the SEARAA he SN GO TG 11 1oL RBTLY 1B KSHBE SRR g
cl eani ng and ot her uses of m cro-stream ng.
Mcro-streamng is a flow of energized |iquid created
by the rel ease of ultrasonic energythat is too weak to
cause cavitation. At frequencies in excess of 300 KHz,
cavitations cease to exist but the negasonic frequency
energy creates a‘flow of the liquid. Fromthe above
description, it will be apparent that the invention
di scl osed herein provides a novel and advant ageous
megasoni ¢ processi ng apparatus and nethod utilizing a
vari abl e frequency driving signal. The foregoing
di scussi on di scl oses and descri bes nerely exenplary
met hods and enbodi nents of the present invention. As
W Il be understood by those famliar with the art, the
i nvention may be enbodied in various other forns
wi t hout departing fromthe spirit or essential
characteristics thereof. Accordingly, the disclosure
of the present invention is intended to be
illustrative, but not limting, of the scope of the
invention, which is set forth in the follow ng
claims. What is clainmed is: 1 A nmegasonic processing
apparatus conprising: one or nore piezoelectric
transducers, each having a fundanental resonant
frequency of at |least 300 KHz; a tank adapted to
contain fluid and one or nore parts to be processed,
wherei n said
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one or nore transducers are adapted for providing
vibrations to the tank and its contents; a generator
woaoupliegksso t he transducers for supplying a dr PETmg2007/006885
signal at a variable frequency throughout a frequency
range that includes the resonant frequencies of all
the transducers. 2. An apparatus as recited in claiml
wherei n the generator has an adjustable sweep rate and
an adj ustabl e frequency range. 3. An apparatus as
recited in claim2 wherein the sweep rate is in the
range of 50 to 1200 sweeps per second. 4. An apparatus
Whatgsclags¢distd in claim 1 wherein the apparatus has at
| east four transducers and two generators, wherein the
transducers are grouped by simlar resonant
f riequens ineRasEMcl privesBng apRasdtus) cPUPHIVNEL r ansducers i s
owered by a r eney,atle
G2 gfap SRAGR G BHE et hilihe ARARLAIRR Foscnam
frequéhdshofiut deakt 3QPKHZY range that includes the resonant

frequenci es, of all. e,transducers of, it [ at P

g r‘b%ﬁﬁ ag?pt%toamﬁméd 3%‘??%&0?& s Berts It%;%ﬁgigc\%%??éﬁﬁerem said
one o‘i@%&e @dgﬁm@b@@&é hdaptédfts Puoddimgoiantbss forthe kinklanddts contents;

node. 6. A negasonj c, processing system ganprising:, two.

ora BB PLEARBTCathe HERIVSHE PO PP RS A LY Ve S 4117 2t Jariable
frequeSy houBRbat PEEdSerlc) rRye thRY iA6RAELthe rédRat fréfiieAcies of all the

pi €zoel ectric transducers coupled to each tank, each
transgyegisducer havi ng a fundanental resonant frequency of

at least 300 KHz;, wherein the transducers are capable

of providing vibrations to the tanks and their .

coBt ent Antappargtusas recitssia clainy s wheigh g seperping has an adjustable

r rS: [ iving signals to the
swee%’rrg{r%s g%graéj,d‘s%%lee:g%ﬂl%gg%hsducers are grouped by

simlar resonant frequencies, and wherein each group

of ,trangducers.is p [ -t

geter at A8 AEBEAY, Sty i AFARTIE RRRLAL M il HBtange of
50 td 100 swasepeperwietdnidd a frequency range that includes the

resonant frequencies of all the transducers of its

associ ated group. 7. A negasonic cl eani ng appar at us

CORPI i SiAMGippaRfusds rebite] il @zinel edietdit tHer apparinesdias at least four

each having a fundanental resonant fre uenceybin. . t
transdNperk AR SYOrBERSTYPER MRCEAN e EAnSHUSHRRAE\BroPeg DY Sigpilpr resonan
frequt@idiHnd whdrainkeadhl 2R5 o fl tParsBildedd B polneadll Biga bdpakale gabrator

one or nore parts_to be cleaned, said one or nmore
that genpragtie drvingsignebhayipg a;y.asebleifwgqu@/rtgeﬁ Gmes pgthin a frequency
rangt HEA M Gds ik sEfkht BRighendi€s ¢ H the transducers of its associated group.

5. An apparatus as recited in claim 1 wherein said piezoelectric transducers

operate in thickness mode.

6. A megasonic processing system comprising:
two or more tanks, each tank adapted to contain fluid and one or more parts to be
* processed;
one or more piezoelectric transducers coupled to each tank, each transducer
having a fundamental resonant frequency of at least 300 KHz;, wherein the transducers

are capable of providing vibrations to the tanks and their contents;
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tank; a generator coupled to said one or nore
transducers for supplying a driving signal at a
wonerabessi ned frequency range and sweep rat e, PGIEISEI0M006885
the frequency range includes the resonant frequency of
all said one or nore transducers, and wherein the
generat or includes progranmabl e neans for defining a
sweep frequency range and a sweep rate for the driving
signal . 8. A megasonic processing nethod conpri sing:
provi ding one or nore piezoelectric transducers, each
havi ng a fundanental resonant frequency of at |east .
300 okiranonsesnérdiongcanplediie the fispyincess febrrpring fayigesigpals to
the trinisdu {rs,r%%eﬁ%g frah QuBEsREO %%g@&j by WSl rBsondhtdr@iRnéies, and
nore transducers are coupled to the tank and adapted
wheréireagh grougiofdrausducetsiio pewersdttiyea sepaiategenerater Bighgasrages a
...generating and s V] LV Sl -
arivigh Sredeuhe s Vi B ko firdt WA Bt rednl Plange that
inclufiéscttib eaoyiaitrcughded ofall theqraanducersarfgts ashadiated giouge s
the resonant frequencies of all the transducers.

7. A megasonic cleaning apparatus comprising;

one or more piezoelectric transducers, each having a fundamental resonant
frequency in thickness mode vibration at a frequency of at least 300 KHz;

a tank adapted to contain cleaning fluid and one or more parts to be cleaned, said
one or more transducers adapted for providing vibrations to cleaning fluid and parts in the
tank;

a generator coupled to said one ‘or more transducers for supplying a driving signal
at a predetermined frequency range and sweep rate, wherein the frequency range includes
the resonant frequency of all said one or more transducers, and wherein the generator
includes programmable means for deﬁning a sweep frequency range and a sweep rate for

the driving signal.

8. A megasonic processing method comprising:

providing one or more piezoelectric transducers, each having a fundamental
resonant frequency of at least 300 KHz;

providing a tank adapted to contain fluid and one or more parts to be processed,
wherein said one or more transducers are coupled to the tank and adapted for providing
vibrations to the tank and its contents;

generating and supplying a driving signal to the transducers, wherein the driving
signal has a variable frequency throughout a frequency range that includes the resonant

frequencies of all the transducers.
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