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" transducer sy¢ barv47¢88ner at e acoustic energy in the 5 frequency range around
one negahertz and nore particularly to a systemthat delivers a umjsigFm
anount of acoustic energy to the surface of a rotating circular object.

range of 0 4 1o 2.0 moaRanial naWERMEOANREERANSROTER co' I TIIRITHANANI

and used to clean particulate matter from damage sensitive substrates.

Since this frequency range is pred?ﬂjamuquj t he megahertz range, the
cl eaning process is commonly referre 0 as negasoni c cl eani ng. ,Aqong the

items that can be pheaB@e iNchibntrbiams privosisen thet swalsemATEE TR Bes i n

vari ous stages of the sem conductor deyice U ur i I sk
drive medi g, foqiencl RUECAIOHDA ERC m@ahﬁf?@g HoEe ‘i“i@g‘fy t‘%ﬁ[ %E‘g‘,"%?gfsﬁ%g‘n%

di spl ays and ot.her sensj td Iﬁsl%lla & @S surldeg asDmtatingcifculat dlge@dner gy i s
general ly creH?lgcﬂTwog&i{(:éqa}(ﬁlé a crystal with radio frequency AC voltage.
The acoustic energy generated by the crystal is passed through an energy
transm tting nenber (a resonator | DRMATION | ui d. Frequently,
the energy transmtting nenber %Bé%gébv% of the vessel that holds the
cleaning fluid, ang;owadRiRiwiakduid okvestin detfeqemey phacd@4 9 2ecebe®el . for

cl eaning. For exanple, U S Pat..No. 5 355 048 | :SG §asaei C
t r ansduceriocopEizexn heftrapsmiited e lighids pd %F‘g?t‘:i‘i?“ g?‘{t lg‘g%{g@%&%lgﬁdg?quar tz

wi ndow by several.. :cb B Suenth farge gnreduntindntlpnead theanegalpaZat es  at
appr oxi mat el ys??%w%é. P%'%T"grl Y, % S:EbPat .

No. 4,804, 007 .| s a
megasoni ¢t I amgelthecledningpiniceds isoommegnly referedq 35 @awg%@gﬂgbgﬁ%ﬁgg’% of
quartz, sapphire, boron 25 nitkd ' icShdRtor Wafefsdnvaiousstages of| ued
to a pi ezoel edfPp g’aﬁ?wrsi’teﬁfean&g%%ﬁgsb%r%%ék fwe%&%w 5 know

xy. It is_also known that nmegasonic
cl eani ng syst gsemiddniftdr dedcetnanufactaringsprogdss dl$tﬂ"’é‘€l’”§$‘a’s‘ﬁ@“ﬁ§%cqr%8fz\/i dual

sem conductor wafers. For exanple, LS t o N Dabstiadds. di scloses the
use of a suyal [disks ﬂﬂd@&ﬁ?‘@'sg%imélpgpé so%‘?tolﬂloeﬁge Sﬁgri zontally adjacent to

the surface of a ppbabhRGcoicnerghisicnaaliy otatedltyemnciting efaete W8 ¢ he

surface of h%-e\é\fgng A%nv%ltage. The acoustic energy generated by the crystal is passed through an -

energy transmitting member (a resonator) and into a cleaning fluid. Frequently, the

energy transmitting member is a wall of the vessel that holds the cleaning fluid, and a

plurality of objects are placed in the vessel for cleaning. qu example, U.S. Pat. No.
5.355,048, discloses a megasonic transducer comprised of a piezoelectric crystal attached

to a quartz window by several attachment layers. The megasonic transducer operates at

approximately 850 KHz. Similarly, U.S. Pat. No. 4,804,007 discloses a megasonic

transducer in which energy transmitting members comprised of quartz, sapphire, boron

25 nitride, stainless steel or tantalum are gluedto a piezoelectric crystal using epoxy.

Tt is also known that megasonic cleaning systems can be used to clean single

objects, such as individual semiconductor wafers. For example, U.S. Pat. No. 6,021,785

discloses the use of a small ultrasonic transmitter positioned horizontally adjacent to the

surface of a rotating wafer. A stream of water is ejected onto the surface of the wafgr and

- acoustic energy to the surface of the disk for sonic cleaning and

30 used to both couple the
to carry away dislodged particles. Similarly, U.S. Pat. No. 6:,_.039,'059 discloses thg use of

a solid cylindrically-shaped probe that is placed close to a surface of a wafer while

aning fluid is sprayed onto the wafer and megasonic energy is used to excite the probe. |
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30 used to both couple the acoustic energy to the surface of the disk for
sonic cleaning and .to carry away dislodged particles. Simlarly, U S. Pat.
" No.” 6,039,059 discloses the use of a soliduCyIindricaIIy-%ﬂ? be t hat
is placed close to a surface of a wafer while .cleaning fluid'Ts @gfayed
onto the wafer and negasonic energy is used.to excite the probe.- *@0002*
2 5 APR 2006 In another exanple, U S. Pat.- No. 6,021,789 discloses a.single
waf er cl eaning system.that uses a pIurallty of transducers arranged in a

line.. Aliquidis applied f ..t he waf ucers are °
operated so alaan@hgrrebemle S;?PBEI é@f@@@&ci%ﬁ ?‘ggle\g %@ﬁ?ﬁ%ﬁ?@?@s o

di st-odged ‘pa t shitau@eaeradedii 1vef Arliquid iSAPNBRYG d¥urfitiof -

| NVENTHON Br lihe Pﬁp{hlg[rée%sentul nventg onis a. tre?nsducer that .delivers an
appr oxi mat el mewﬁ'érmndrthemmdmers@fe e@mteltmcaséwpgwta@r%we H’GB?FP“’Sn t he
surface of a rotating, circ | & c expressian the

i nvent i on: pr &eyefdel cﬁ-g'FFQﬁ'Qgﬂ?@B?rgpl wggh ‘e {h%gf(a SofBeureL

means. for generating acoustic energy in the frequency range of 0.4 to 2. 0

MHz, the acoustic energy.. generatin ol d for delivering ‘an
appr.oxi'mat el y uni.form anount ofS M@i‘ Yer Wﬁ@% ven ti-ne period to
each”unit of sur rea on.a I’th sur .of a subst.ra t 0. be
exposed to the ac%{i%ffy’ CNEF Wﬁﬁ 18 aelf"‘ilﬂcie %atr(% g %ﬂ?erP%ﬁ' L@’)‘(ﬁo’é‘?s
bet ween t he ghhmt bﬁdceu@aadn&rgetotdvammeh,thé hefaas@mbmg eiclg\obgener at i ng
means i ncl udi ng a design, at delivers a variable anmount of

ﬁjé?eature t
acoustic energy f 0 oRe eRes B the BVERHQTERTaYides & As* PP EBpensat e for

an increase in |4inRaksti¥ Bh&rgy fohemtinS Rdamyfol BéhefAinghtdtStid &Heddyl if B frdibrcon
for points on the partl cul ar surface at increasing di stance from a center

of the par ti% et 0dtpR{MHz; the acousiirnersygearigiingBaas being gdaniedir dejiverng i ng

l'ess than ong aamdrneﬂel?eﬁlmtanm‘unr EFuchRE iefistoin SEikEPGRe patdl 18 eh SRR OT
attached to the. acoustic energy generating neans for transmtting the
acoust i c eneufycetasea dnen pagtinsiar guréace pha gibstratg torbe expgpedAe Hicaepystic epyrgy when | s
bonded to t ftereraﬁ\?@}agpheﬁan ndifofi bkibts @Etkadéen ﬂequssateved |tl?é’t?a{n§d&@r eleldaghsiiei de of
the crystal are used to create an electric drives the crystal.
I n one enbodneugygenerdiingarepns nrluding e idesign ﬁmlde@et dqhyermagréabémepewt 86 t hat
the surface acousfit & g fr&H?heCJcX 1@ nérﬁf é&%ﬁ'ﬁﬁl ﬂ% b ?Eﬁsﬁte%r zhﬂﬁc A ed
object i ncreases. S neans e Ampunt acous I'C energy |vered.
to -the obj émearlvnkopesaeaesed/wthe redatlrve saditingal tadtlmsfor points on the particular Surface at

increasing distance from a center of the particular surface, the acoustic energy generating

means overlying less than one hundred percent of the particular surface; and

a resonator attached to the acoustic energy generating means for transmitting the
acoustic energy to the substrate.

In one form, a piezoelectric crystal is bonded to the resonator. Electrically
conductive layers on either side of the crystal are used to create an electric field which

drives the crystal.
' In one embodlment, the: crystal in‘the transducer is wedge shaped 50 that the surface o

' '_ | area of the crystal mcreases as the radrus of the rotated ob_]ect mcreases ThJ.S means that
| " the amount of acoustlc energy dehvered to the ob_]ect mcreases w1th mcreasmg radlus _
_However, smce the ﬁequency wn‘h Wthh a reglon of the object moves under the transduecr .

? 1s vanes mversely w1th the radlus, the total amount of acoustrc energy dehvered to. each umt' S

an acousti.c. ener gy gener ati ng - :



However, - since the frequency with which a region of the object noves under
the transducer . 1is varies inversely with the radius, the total apmount of
acoustic energy delivered, to. each unit 2 2 5 APR 2006 of 2urPRA¥r ea on
the surface of the object is the same. This is useful in situations where
the acoustic energy is used to assist sone type of chem cal reaction
occurring on the surface of the object, and it is desired to have the
chem cal reaction proceed uniformy over the whole surface. In another

enbodi ment, the crystal has a rectangul at, shapeqybituséfiien eihesions vaterd y
conducti ve | afearfacopareapi Wé?‘“g%‘g%ﬁ&%ﬁleﬁ@}ey%@gl ﬂélr e ué'

_ iven the d;gle shape.
Thi's causes t tﬂ%coggﬁ%%[ﬁ%h%gseg%gsgqgrso@at}@abﬂchemﬁdal %@@QPP@H&%}“\S& Hafhe |

object that i eases i ncreasin radi ys, -j.ust [ éied al :
itsel f had trmmmsmt,w@pi@.demteﬁmmg@ﬂreﬁﬁ aeﬁpnﬂﬂﬁ%fﬂ%&%‘?&@ﬁfg; | is a
side view of the acpustic transducer. according to the present invention;
Fig. 2is a cWRAESWRES | onal view of the acoustic. trans ucgreg&g&ﬂ al ong the
line 2-2 of Fig. Igmdﬁa@em&mnaﬂmmhhwre@wl%él@?% Rt e_\)l ewoof an '_
acoustic transducer according to he ' icRape? ThidCaisdd hd 7306 2
5 APR 2005 %ﬁdl@@?hm%mﬁg’ !deﬁféhg cggéﬁﬂgﬁfgﬁ@%?ggg_vi oW of . a. wed e- shaped
crystal accor di Sft‘%qt&&’eli%}%naﬁx@lﬁﬁafacoﬁsﬁvemgm;thﬂb@e.ct@atilscr%?sg%‘ﬁléwa?fﬁ? D Vi ew
of the acoustT¥transdlcer accordin 'toqth resent invention;, 5 Fig. 6 is
a schematic iﬁmngﬁudmiﬁmemﬂlltﬁﬂﬂ‘aéghﬁﬂ? gﬁgl?q%&nsducer according to the :
present invention; Fig. 7 is a schematic top view of the acoustic

transducer according to the present inventian; Fi J schematic top
vi ew of the acoustic transdudﬁtEEBE@C&Equﬁofﬂg'ﬁ%ggg‘e:%. -: S?lt o invention;

Fig. 1 is a side viéw of the acoustic transducer according tothe present invention;

Fig. 2 is a cross-sectional view of the acc_jhstic transducer taken along the line 2.-2 |
of Fig. 1; ' _ |

Fig. 3 is a schematic cross-sectional view of an acoustic transducer according to

the present invention;
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Fig. 9 is a schematic top view of the acousti g
_ _ _ _ c transducer ac
Fresent invention; Fig. 10 is a schematic top view of the lft%gégt;‘}]g?.wo the
rﬁnsdu_cer woos04Bey to the present invention; and 15 Fig. 11 |s325144
schematic top view of the acoustic transducer according to the present
;2;52“ gni rg)ESSRI PTI (1‘]8| OF THE PREFERRED EMBODI MENTS Fig. 1 illustrates an
. ucer 10 conprised of a resgnator 14 '
housing 16. The hoﬁgﬁgﬁalsgﬁ)@lfﬁﬁﬂpé’&” c'i}?pﬁ‘%gysgﬁg%c\?’rer kpt%}a %gﬁtelrn t he
g{ﬁf erred enbcll)rgvelrlrtg{lpt_, the housing 16 is nmade from stainless steel but -
er materia ¢h as plastics, ceramcs, quartz or alumn mcén be
ulsed. I'n a represenigs ﬁs\:ﬂchmﬁttcgwimtbfdhﬁa@h%icﬂ@giﬁﬁ%ﬁfé‘fw%ta eGEH L. A
g4urallty of fi rgt, spring connectors 22 are positioned between a crystai
conﬁggt grgrlz.gtl@@ @M% cuit board (PCB) 25. One or nore 25 second spring
o oud g6, P S Sk G T e eotor g 2
( _ ) ZE . connector. Fig.
Ip: leggtelrgfzte?i t Ipecisentlimvenidey 18 i ncl udes a cavity 32 which hol ds onlegorzm)re
ip i nto the body T8 ah el B o arar 54, The cover
_ o] e crystal 24. The
EIC?tG\(/a\BZOblolstgti%\?ﬁﬂﬂ?E to the body 30 18 by attachmen%/ nmeans 42 suggvgg
ews, other.nmeaps, .Sso as P e T i :
cavity s2. prefer biEy b e g et P A Sic el shdofitle ©IF0 prE® 11
s: gt 3gnou]gh tLfeRfiGyent liquid fromgetting into the cavity 32 through the
: o] . A3 25 AEIQ 92(_)06 WO 03/ 047306. PCT/ U@%{aﬁ?a%‘} &%?dfﬁ'é 4k fredRad | ons
to seal the cavityr®p 1S5 hamANE fqR VeV %ﬁog%lcpreven & any t(c:)ont arm' nant s
:CI’ISI de the cayiJedti? fromescaping. In sone enbodinents, alip 45 is
ormed in the resonator 14 to help jn sealing the vita The nat
14 includes a proxFigal0 isradchegatintop Yiey; ofithy acgfiRyic AgnSCyEFL %ioﬁiﬁgtspriﬁr%‘%EBS o
(S:oPinﬁctor 22 {ilivegg%taﬁd)ned_ bet ween the crystal 24 and the PCB 25. '?'he
pring connect’or _conprises a base button 62 and a contact hutton 64
\(I:VIO; Eegt z Pr 12529 66 pEag 11 sscheniatic toeéwwtQféh%ﬂfPF%‘ﬁéraBséi“%acc@ﬁngfﬂgjespﬁ%Frﬁg
( _ is used to make electrical contact with th . i
expl ai ned in ADFBUYLtail later. Fi o a8
_ : g. 3 shows that t [
connected to the crystal 24 by a plurality of he resonator 141

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Fig. 1 illustrates an acoustic transducer 10 comprised of a resonator 14 and a

20  transducer housing 16. The housing 16 comprises a body 18 and a cover plate 20. Inthe

preferred embodiment, the housing 16 is made 'from stainless steel, but other materials
such as plastics, ceramics, quartz or aluminum can be used. In a representative
configuration, the resonator has a length “L”. A plurality of first spring connectors 22 are

positioned between a crystal 24 and a printed circuit board (PCB) 25. One or more

25  second spring connectors 26 contact a step region 27. A threaded aperture 28 in an end

of the housing 16 is sized to accept a standard BNC connector.
Fig. 2 illustrates that the body 18 includes a cavity 32 which holds one or more

piezoelectric crystals 34. The resonator 14 extends through a slot 38 and up into the

body 18 where it is attached to the crystal 24. The cover plate 20 is attached to the body

39 18 by attachment means 42, such as screws, bolts or other means, so as to form a liquid

tight seal over the cavity 32. Preferably, the fit between the resonator 14 the slot 38 is
tight enough to prevent liquid from getting into the cavity 32 through the slot 38. A

3



lo . layers (not to scale). In one enbodinent, the crystal 24 is connected
to-a bonding layer 70 by a first wetting layer 72 and a firgg srf@i6on

| ayer 74. The first wetting layer 72 is positioned closest to the bonding
| ayer 70 and the fjrst adhesion layer 74 is positioned cl ®€&4iS0%/350the
crystal 24W0/Q3/§,’é738¢1d wetting layer 76 and a second adhesion |ayer 78 are
posi ti oned between the bonding | ayer 70 and the resonator 14. The second
wetting layer 15 76 is positioned closest to the bonding |ayer 70 and the
second adhesi on | r 78 is L1l h@alkberevegomst or 14. A
third adhesi c&*i“l“?a@1 n nﬁgosﬁ%)@ﬁﬁag%ggfg%rﬁt e %Sposi tg Si deﬁg’f the crystal
24 fromthe finshiRdeasidnhd @yiy 37#omaswdpiag.nintsaine pabedimepts, adip 4398 ¢ | oned on
the third adhesion |ayer 80. In Fig. 3. ttFe bqg?# ng layer 70 rmay conprise a
sol der-1i ke rfam@diiath,er@a&ﬁora@thelPﬁ‘a’feaPﬂg § V"% f'oys of indiumor alloys of

tin. Pure indium 4R kS o i s Gt ¥ proRilal @1 d6hied aldistailimd50. AFherfirgt@pringhe
conposi tion and purpose ofr the other layers sho ' arenmgt e sane

FLg. 3
as the | ayer sonftoin2? is gesitoned bofween the cpistel 24gnd the ?%'Ogge BHBe YA y, the

first and second wetting.laye G A B jokitieied and each
have a thi ckri@<SempFises 3;?6'%0@?%%@ %f@d%%ggct}%mv\yer ;Br%ttfig?r@rret al s. and/ or

thi cknesses Gadin B Huaess 20nd 6ihe TRSsprieg canneptordds wsed Tk flefigh of the
wetting layers 72 and 76 is to provjde a V\ettgtgﬁltﬁur'face for the nolten
i ndi um (or t icoptagtrwitikihe prosiel 24s psgypfaingd m mors dotad lgfele yp e et ¢ ng layers
hel p the bonding §rsh(égs Bshg! Rsdngtok Deisbbmrettedtiithstrystal 2ytora praralifiiaf ¢ he
second adhesion yer , respectively. In one _enbo‘dit%pot tﬁf;1 flé'})éxst,
second ang) t Nayets (ackteséabs). Iregnsrembpdimenipths qeysigh24 is SReCtEt i PARng AAVEr)

approxi mately 5000. A thick_| dRliMaveP TWr TiefiksORettify layar 7aid a
ni ckel copper’® y|a0§;§tv§gpg§§y§%?é?&){ﬁ‘§n1 aysersaf?c?i, 78 apd 8 onpri sed

) .may . be
of .50% chr onRsiEBRbdMKeA ke the boxdiggpleyer 40 pusithe first aghesion LYER %k‘%?gs(’:t@ﬂﬁér al | oys
include the alloys 4 2 5 R 2006 ., P ! 4 AheddsRfermntect ed
under the tr adesagtate Wé@@"éﬁﬂ?%?%%ﬁ/ﬁ%ﬁ%ﬁﬁ%TM anger_ ELTM are
copper ni ckelopogtilﬁt,geasoeﬁ;@&m Eeteldiag 13aY0aap fheresanatoidysThesrend WEBIRERSFT ot her
materi al s and/or thicknesses could al so u asJePtg lsayers 74,
78 and 8015 FoI6 iepesifismed CIQW%Fh%qndﬂg?ﬁyﬂgﬁ)lagégh%ss ‘S‘):’E?Q%égﬁdﬂgo mg_y conpri se
chromum 5 00 I'C,H{&iéggeﬁ t&fﬂ@?ﬁ%ﬁﬁ%rﬂi@ lacthir@hdieyion Eiyer 80ciy positbmed en 895t i onal
and can be elF%Rate conpl et ela‘%. The Ia@i; 82 .1s %ef E%Ita\flﬁ?lnjéﬁqg’ but
may conprise appbuite sidonfthsicrysel ff@mé}}e_ﬂrft SRR e RBY 251 Ssitver alloys.
positioned on the third adhesion layer 80. :
In Fig. 3, the bonding layer 70 may comprise a solder-like material, such as

£indium or alloys of tin. Pure indium works particularly well as the

20  indium, tin, alloys o | .
ding layer 70. The composition and purpose of the other layers shown in Fig. 3 are
,305. Specifically, the first

bon

the same as the layers shown in Fig. 5 of U.S. Pat. No. 6,222

and second wetting layers 72 and 76, may comprise silver and each have a thickness of

approximately 5000 A. However, other metals and/or thicknesses could be used for the

25 wetting layers. The function of the wetting layers 72 and 76 is to providg a wetting

surface for the molten indium (or tin) in the bonding layer 70, meaning that the wetting

layers help the bonding layer 70 adhere to the first adhiesion layer 74 and the second

adhesion layer 78, respectively.
In one embodiment, the first, second and third adhesiqn layers 74, 78-and 80, each

30  comprise an approximately 5000 A thick layer of an alloy comprised of chrome and a

nickel copper alloy. For example, the layers 74, 78 and 80 may be comprised of 50%

chrome and 50% nickel copper al]oy. Acceptable nickel copper alloys include the alloys

4



In the preferred enbodinent, the crystal 24 is a piezoelectrigh5caApft2806 such
as'a crystal conprised of lead zirconate titanate (PZT). Ppeygessompny

ot her piezog @urioe 10 materials such as bariumtitanate, quartz or

pol yvi nyl i dene fluoride resin (PVDF), may be wused as is well-known in the
art. Preferably, the crystal 24 is capable of generating acoustic energy

in the frequency range of 0.4 to 2.0 Mdz, AN 0¥ zh$ constructed
using the bas:haeketatmeuhetraﬂe@enkﬁl’iec&diwofﬁf@M@QJF.L 'f?@.&‘&géozzz,asos If tinis

used as the bonding. |ayer 70 ' I8 b @ppep bt 6896 nickel. nust 15 be
taken into cd\ﬂ@h@é'rg%?r%?ﬁpew%kgingmgbu@ofr?ethe reqalrbraerregts of . 21.Da zj‘cul ar
cl eaning tas ‘i{o&.{%r sRBRRRiddsandonthidhesseseoud also be used psthie ATERIORIFYFF Sy o

[y i

group of chenica inert materials.. Far e L lcbmpBdeeh fomism} hat
work wel | as 78tend88s Bersxanpla.4ny prat pfLhe a5 ﬁf.ﬁ‘?@ &Sﬁgrt?f si i con _car bi de,

silicon nitride .ceran aj 01l09S Thé lag@ 80 ansptianalmdrambe plimingiednal Iy, th e
20 resonatior ! ‘gh@%a%gbﬁ%@eﬁ%ﬁemogal ly. Siéii}nert by coat il{kgc ﬂ&wgin%il&
material W t hompledignTiedbyiey 83 iserefershly @F"P‘aputs‘{ﬂ?ﬁ%gﬁg"sfeqft on% l'ar TM

Kynar TM or PFA. Chenj @gl loeqbness is desired because it is unacceptable
for the resoriBeBding BCKY WY TA Ty react with the cleani ng, flyid, Thus,
the material used @gmelherfedembadiment]the coystakids # piegaelecBC SRS BLIUN PLds iy
part, by the nature of the c|eaning.fl uj lVE€ miafty @hélgidzbelbdtde mat er i al
for the 25 resmﬁdtcgmpllﬁdﬂﬂéﬁ;%‘Wgnﬁt‘igtg%%agég’zggalg%gnéaﬂéﬁbbg/ the tr nsduger 10
B R s S
m ght be usechsjetmasais@\Ital=hit:nd>\19'ilgi'n h‘lﬁé§§°frﬁ’faglcyh¢’§°§%é' flor5 bsleﬁfco%du%?or waf ers.
The resonator 14 has ?%ﬂqlll uerlty rang6 BE0.Atd 0 MHze hei ght "k" is chosen so

as to 3o minidPYBCEBF L ance of ~ acoustic energy, .such.as. TR g "k a
nul tipl e of one- hafHe nafisduten &0 iseprsteptgd HSIH&FE%?%%E%‘BQP 8gszrﬁlge\régly ém!?tgtt'ed by

the crystal 24. 5 2 R 2006, P 1P MdRidher Mg Poihtofaidaiust on t o
the |ayers SMM,¥%’§?QE~t§,‘S?S#?h%?§ég§i%pr eciated that there are many
ways of connegd R ihdeofiskieaian.or 14 to the crystal 24. For exanple, the

resonator 14 may be cgnnected to.the cr : Kalinotask, Grercbinpaditian | ayer
in place of the | ayuerdingupop er?%'."e'inﬁmg ﬁ@@ﬁ%‘%" ek

odi ment, th (i:%nbi nali i on
layer is a copgyctdMaitcs 14 wasleqedbren aprdupas cipmicaliy meg maéefsfg*pl CEHAE'S he
resonator 14. An acceptable emyl sion is th Liadel duatt¥ Aillcak! €  product
referred to amettlxmatezi@gﬂ[?t wex)weélﬁa&?earﬁ?ﬂ“a‘“sﬁ @glﬁl&%% dlﬁ'lgf C(Y#a, avai | abl e from

E i carbide, silicon nitride, ceramics, stainless steel and aluminu'm. Additionally, the

20  resonator 14 can be made chemically inert by coating a non-inert material with &

chemically inert material such as Teflon™, Halar™, Kynar™ or PFA. Chemical

because it is unacceptable for the resonator 14 to chemically react

inertness is desired . . x
the material used as the resonator 14 is usually dictated, at

with the cleaning fluid. Thus,

least in part, by the nature of the cleaning fluid. Sapphire is a desirable m
0 require parts per trillion

aterial for the

resonator 14 when the items to be cleaned by the transduccrll
purity. For example, semiconductor wafers require this type of purity. A hydrofluoric

acid (HF) based cleaning fluid might be used in a cleaning process of this type for

semiconductor wafers.

The resonator 14 has a height “k”. Generally, the height “k” is chosen so as to

such as by making “k” a multiplé of one-half of

30  minimize reflectance of acoustic energy, |
al 24.

the wavelength of the acoustic energy emitted by the cryst



REMAX Products, of Mntgoneryville, Pennsylvania. The layer 140 is applied
directly to the resonator 14 using screen printing techni quells lﬁﬁ ﬁh?s
enbodi ment, a region of the conbination |ayer would be used "?1’} e step
regi on 27&&%)9&@3&)9 Fig. 1) to contact the 10 spring conne®CafUSHE3So;

anot her e 'ment, the resonator 14 is connected to the crystal 24 using
epoxy. The epoxy is used in the bonding |ayer 70 in place of the :
solder-like materials described previously. The epoxy may conprise any
suitabl e el ectri cq LyaifaRsis ayaseshownoxFig. 3 & shitied beappisciated thatthere sredesi gned

&
to deliver an approxi rratg?l;‘/l uni f or m anount of cqQustic _ener ch unit
of surface arxﬁ@ywayaoﬁoonmﬁnsghﬁsrm@wra“@FIW05}’5@3/%%%{ ?Wp%eﬁf g%pﬁa%f;e/lgi cal ly,

the substrate ig circul i n nsgthcéa el {nfp?&gop{heapa semeamdhduct or
waf er, so thénqya’l“é’ﬂg’?eﬂ?gkéheecrr%%?gﬁlstl |rre§ 8%' tﬁ%yaqoustic .er);ezgy o
experienced by f{@is cmbosient] the vdnsbination lagering cundudgive sibyen esavlsion @agid)t®t i on
whi'ch corresponds to the radius of the 20 circul redl O wdore, in
order for sthds applied i fhasiesongfor 14. 4wy acerRiab GW*Sfogfﬁé%%%ragl‘fly a;I;)gfg%ust i c energy
Lo each unit ofoSHehAEeiodk GR2017) R Gnenkirativer Sonduciyesaildiafkorp BMGAL t he
transducer 10'fst emt a variable intensity field of acous Jg englrg&/. In
general , the REMAXRrbéuctsnifdnstgomeryvillePenasybignia; haelayes 140gs applied firgcliy |
different methods. In a first s, Clh ¥iSd @hbodineh® aSépigaasd theo del i ver
the variabl e q‘W%Wf/&ﬁ"@lsg?eﬁ%QR&%hgﬁl SFnat hod, the 25 electrode |ayers
on the surfacgmbpbtishiayes wesit bt used irthestehizpion 27 (sheten inFég: 1) focogfadlitheed
variable intensity field. In a third nmethod, segnments of the crystal 24
are driver .atspmgwmrzﬁomer |l evel s to deliver the desired variable
intensity field. 'h?mf’qtﬁe?%ﬁ&ﬂhﬁ&fthﬂdms&ﬁf&ilm&stdoﬁmtedftotherewhtati%'@mg t hr ough
el

three are used to deliver the desired variaple intensi el hg. 4
i | lustrates tdpexy.i Theteppatipuyd in the p?rgi_mgdgye[rﬁg “U?lflcsctoi eféﬁﬁgéﬁaﬂ%%g shape

90. 3o The vegdge. i ORIRp b8 Afayofiprié€shySsulisblddlectrivally vortdustivee 94, a
first taper edggclr{:ti’g@g%@lgﬁ%y' a sgcondaytacagiged side 98. The wedge shape 90 has
a wide end 1Qgomdj acent to the curved side 92 and a narrow end 102 :
adj acent to the blunt side 94. L 5 do8ForBshiddetiReM dnount &f 006 = WO
03/ 047306% he si d eé'%“sgﬂ??’ g@‘.”%%’%g"elﬁfgﬁapgsgo&éxsefU.| i n situations
wher e the trapggue enerdPro eashanmit of surfied aromof amotalipp s e gIvariag PARGunt of
energy to each unit ar e%ﬁon f he Lﬁi r.chgj{aag su U£sftﬁ‘§§hrﬂée&ars9ﬁ1%oh&\%t&bj ect in.a
gi ven anmount &ypieallreth@sYosERIT IS GEPHY "R PEASHUCer that covers the whol e
surface area Qffd bemehit@ishy (cfeiainii tinye)tof ehevardhgptic sieegyeexp@ienoedyythe or t y

percent or

substrate when it is rotating, varies in a direction which corresponds to the radius of thg
circular region. Therefore, in order for the transducer 10 to deliver a uniform amount of
acoustic energy to each unit of surface area of the substrate in a given time period, the

transducer 10 must emit a variable intensity field of acoustic energy. In general, the

20

variable intensity field is obtained using one of four different methods. In a first method,
the crystal 24 is shaped to deliver the variable intensity field. In a second method, the
electrode layers on the surfaces of the crystal 24 are shaped to deliver the de§ired variable
intensity field. In a third method, segments of the crystal 24 are driven at different power
fevels to deliver the desired variable intensity field. In a fourth method, combinations of
methods one through three are used to deliver the desired variable intensity field.

Fig, 4 illustrates the first method. Tn Fig. 4, the crystal 24 has a wedge shape 90.

30  The wedge shape 90 comprises a curved side 92, a blunt side 94, a first tapered side 96 and

a second tapered side 98. The wedge shape 90 has a wide end 100 adjacent to the curved
side 92 and a narrow end 102 adjacent to the blunt side 94. An angle 6 is formed between



5 less of the surface area of the object. For exanple, in F]-'IK% mnzw@j ect
103, having a circular surface 104 is rotated wunderneath t /3 Sddécer 10

*at a const AW 03/847806 A center point 106 represents the center of the
surface 104. The wedge shape 90 of the crystal 24 will deliver a uniform:
field of acoustic energy having variable intensity along a radius 108 when

the surface 104 rotates 10 _under neat nqd SrusAPRhEOhe trassduaeniler neat h
the crystal Zﬂ)e.SldFHQGP?ﬂgéngH?V“{gﬁf ¢ 45196%2506\3@?% the narrow end 102 of the

wedge shape 90 ' it 6] Lavhouaf ofenergyty eadh unit pea Sl e SERIA 04 { han
7 100 SR g e mery

wll the w de _because t he_power ner fedvepi tted
by the transdlg@xﬁoebﬁa'rcztatingblfjmfmatﬂmenﬁﬁeurgBfgﬁﬁglt?&g%?n&%aﬁiﬁéﬁréﬁg end 1.00

is greater than the surface.ar f D@t vado@shapelZoverhforty ptreendbdl ect
103 is rotati @W@q‘?f‘q’ af%aoﬁﬁif’?%(eﬁ' g&ﬁadage %ar ea sE)hﬁpthe surface 104 that is

rotating uqderlggggf@egmmfmdbjmo receives the sane anount of energy

fromthe wde end as a second, .unit.o rfa 1045is rdt@édt i ng
under neat h the nar Fowmlei@ffg-%ﬁlef{]b(gglhav "%gcﬁﬁ'?%tsa%t of surface_area

is moving wth d%ﬂ%t‘ﬁ?%%nshﬁcgﬁ@m V@hOGittate. Aetriter peisp6represettythg s of j ¢

shoul d be not & e object 103 could be held ' YeefiWit t he
transducer 10 tgosurfelcd4r Theiwedge shppe Slos"flﬂf?é’r)fs@ﬁa V\pedeg%?%@%)%et ween t he

obj ect 103 and the tran : Rkt A Qlr&diusl 108 ihen thesurfacp 1 Gdratpies y  of
regions 112, Pi%{“‘ii@r@a’g%ggméﬁe.fnel s_urn ace 104@2);&1‘ il u@@%gd. The
regions 112, lhdendatibthamedgelBapap0 (inaindernenth the prRistal el heue e region
112 is positioned at a | arger i us &% £ 5mélRt houhO6f enbrgntat he
regi on 118, tfi@ca}“é@w&ﬁa“%"i%%v}no#? eavgsgé%g‘%%ggﬁﬁ themtransduc r,l10 with a
greater |ineargygled 104 thinanll theevideegd d00. This ig beonse FePRRCTIRIER™M O3 i s
Lount |97 acouswiitienby B9 TR OTQUTHE DY 1 ARG cftheARlachaLonE  Baca!
total output  fromdhe d&ansdusefidmnswsnd 102.yWhéohgoliert 103araengelst 1 ¢ he

transducer 10 #&S a Uniform power output (watts/uni d Tt®eceives
i ncr easi ngi4 hamtof Sardase anceon the sufacs 19?9‘2’{ 'élr‘gtﬁtﬁjgiuﬁdetrﬁcéﬁq tgéa‘g?gfndi ref:cflivgn

(noving fromthe center | %;]é}, @y%vmreﬂ&asa/debdndghi!efmltfecedwith%& i ncr ease
30 in total er8f PGP O?F]rq% t%e transducer T%% vveggg gﬁ%na(?eaqpmoving '
illustrates tmoﬁting:mmehgathﬁteinmwend\l\@%@?fﬁhq‘%éh & YRR 960 )

PCT/ US02/ 35044 Fig. 6 illustrates, QslioRRiBh, i0dhoiilh be hotattbatuiseabietd wher e
each of the | ayithasredly ivﬁfoéliyg%gnﬁ%\% t he lwecigLe sha@ 90, %@ﬁ&i fically,
the third adhegjzQaulddy@eld S@tionkiyand uhetraisd\ﬂ?&ychoa  berpfate ?@?t hg ¥ , the first
NS O |y on teseen e biobf 4 i R EHucd A0 the s |

In Fig. 5, a plurality of regions 112,114, 116 and 118 on the surface 104 are

illustrated. The regions 112, 114, 116 and 118 all have the same area. Because the region

112 is positioned at a larger radius from the center point 106 than the region 118, the region

112 will pass underneath the transducer 10 with a greater li_ncar velocity than the region 118

when the object 103 is rotating. Since it is desired to have the transducer 10 deliver an

; equal amount of acoustic energy to the regions 112 and 114 per unit time, the total output
from the transducer 10 must vary along the radius 108. If the transducer 10 has a uniform
p.owcr output (watts/unit area), then increasing the surface area of the crystal 24 in the
radial direction (moving from the center point 106 outwards).wil_l givg the desired increase

30  in total energy output from the transducer. Thé wedge shape 90 illustrates this

configuration.



bondi ng |l ayer 70, the second wetting | ayer 76, the second adhesion |ayer 78
and the 5 resonator 14 all have the wedge shape 90. However, <ugEPR 2006
- configuration is not required to achieve the effect of variable intensity
al ong the‘i&;& 6117 girection. The only layer that must haveP¢HESBEHHY shape
90 is the yg a? 24. The other layers and t he resonator 14 coul d have
di fferent shapes provided that they at |east conpletely cover the crystal
24. Fig. 7 illustrates the second enbodi nent of the transducer 10 that
delivers a io unifgr RN bn &fboARAs b the teamedugyr t0ovhemench afithe layerssur f ace
area on a rotating°substrate in a given tj period. .ln R +hel ement s
that are i degidwadh Fig3 hh\erthnw@g@@%@r5?00(338‘3%#1@}"5?%}‘9&%?%%15 f gé’grl{fed by the
same identifying nunhers. | i the 3t wWatting tiyerrv@uthar i n
shape. The nﬁlcﬁi‘?lab’%f ré‘%?yﬁ%lgg’atgem%%tgaghgﬁ)ggée%%@.h Additio%g?ll y,. any ot her
el ectrically ,ﬁfafgqu&ww RdRE Svetiag WyenT61 the secondsadhesionjaysh B andheret al | ayer
82, such as P?'ue ayer 80 if it is 15 used. shou gc&ﬂi AilBs Wadepiredape 126.
The _vvedgesshaqsmalsﬂ64iaﬂh@%@%@e%&%@'ﬁoﬁeﬁg’s ge ?ﬁrape 30 shown in Fi g.

4 and conprises a | itPalbh adialidiret@ct, The buly fayer thatpsled si de
T

136 and a se pere was descri bed previ.ous ' Lg- . 5,
an obj ect 1Qgvelirerivedge ahape O¢ isitlercrystal 24 ckhe peher layds ?‘%ttgetrgﬁmﬁﬂrd %%ggtlﬁb%he
transducer 10 at a . constant .r | ' 1etely A ovatadryswebq., the transducer
10 coul d be ﬂﬁeéetnéﬂ’aaﬁwéwdcgeﬂg{agﬁgyért%a‘gt‘cggg ree}féati_ve t'o the t)b' ect 103. The
result of giving fie7 MRkwdtestirysecons Bmbodimons of the srasducer by pLdefiyIs & e as

giving the crystal 24 the wedge shape L Fook Sreh 65 AkbiAink REbshratead al 24
only enitis avoiem %“01@5%?369“#‘?8‘??(@&865hse{lg'ittoﬁgl%ﬁﬁcéﬁgi)ci t ed :/n\ngt-h -an electric

fi te| oli At h iveh aﬂégiéﬁ&f. 1 Big, 1, Rfemenls dei arb idehiical t clemepts dprcribad PRTVIQUAN
potenti a I erenc

that exists hetween th t | a 4 he
first wetti ngrelrepresenE@byibe namqféerﬂ%m&ﬂ‘{"@&é- ﬁéﬂg‘p-gh\engﬁﬁg%%g i néﬁ
connectors 22 an éz,getari]%l-§2ﬁ%Hl“ﬁhgbeéﬂaﬁéeleWAd&iﬁ&mﬂy,mMmheneﬂmtrmlﬂ)al | ayer
ape an

82 has the weHf& covers the crystal 24, th Cousti.c. energy
emitted fromebltRickvelsyess beBrkeites crystal:d4i aag the matal layps2 vcs%tﬁa%mgﬁ?%ﬁﬁsus 108

when the surface 104 rotates. u neat Varee1sheme sdhageias the
under neatls t Needgshpuidav %We%cgﬁj%? 1 ? TheltBeHipE

, the first tting l.ayer 7 d
o her 90 6l eclopi cakbasomn nFigd shagatrisees s KD ATITN et 7 and

the crystal 24, such _as the |ayer 74 S wWeslasisyepig. lab. 8 2 5
APR 20%6 Pcwmsézyds%éﬁ’d\me%%&%%%d%?gr %S%%? ﬁgghﬁ% al |§1§erplgzﬂ’t o the

crystal 24 inyhe sasaR, SHRERr difcd K4, acamepbidstieah ths tpaydREHA0 3the cryst al

24 i k n iner rial h r o
> masked consttant gte in Fieg. t7 Xﬁén?ativg s the ggnsdlﬁ:%r W&Lﬂ% rotated at a constant rate

20  relative to the object 103, N o
The result of giving the metal layer 82 the wedge shape 126 is the same as giving

the crystal 24 the wedge shape 90. This is because the crystal 24 only emits acoustic

energy from the area that is excited with an electric field. In the transducer-10, the

electric field is supplied by the potential difference that exists between the metal layer 82

and the first wetting layer 72 when the RF voltage is applied to the spring connectors 22

and 26, as is explained below. Hence, when the metal layer 82 has the wedge shape 126
crystal 24 has a variable

25

and covers the crystal 24, the acoustic energy emitted from the

intensity along the radius 108 when the surface 104 rotates underneath the wedge shapc_'126

(i.e. undemeath the crystal 24). Preferably, the first wetting layer 72 and any other |
4, such as the

30 electrically conductive layers between the bonding layer 70 and-’;he crystal 2

layer 74, also have the wedge shape 126.



tape, so that a region of the crystal 24 having t he wedge SH&E)ESM 2006 not
covered by the msk, Then the netal |ayer 82 deposited by uRCHYS®/35¥}si cal
' vapor deposiwp(%m‘(llé‘ ) 5 technique, such as argon sputtering. Cenerally,
the crystal 24 is masked before the wetting layer 80 is sputtered on, so
that both the wetting layer 80 and the netal |ayer 82 have the wedge shape
126. Other techni ques such as ' Loghny Gude wedgeahape 1Beisused to
deposit the netal %&9@]‘% mfi—‘ﬁgpéer?gltﬁme l?he met al _{:@%/er c? rismtso" ver,
but ot her Condld&%o'rl%,ﬁshﬁ%&Rillb@é.STlﬁanysthié4tismaskedIWt§h§’d M@Rﬁﬁg‘*ﬁé _|gue is’
used for giving l'ayers 72 and 7 1 Q t : & neBverddisy geover for
driving the cryaﬁeadotlzatair@l@rflfmeéé'&alg’ﬂhﬁ‘"?%@?%’%?%%ﬁﬁ?gp( e gensg; ator (not

shown), such as a, 1000 NREGLEQT by uSing b ehysitalvaptridepasitiop Y 1Ahe
applied to the W&ﬁ%_mﬁ%@&g%ﬂ%@%c ir?the ranqﬁ%of' apar gg}e{mgg)emn%z_g
KHz. However,, ,@Iﬁngé@é,tga@es atigon splut&crmg-né@le@ﬂly’ébﬁ)?%@ fsdmagked petpre e ¥ ‘
can be used.” The power is 15.dsl L,ver edt 01,1 @0 bfieie leabayet 82 havedhegh a
coaxi al cabl e tlw8<bk§ﬁw5@f€§_°¥"&°3‘a oghntgé?vc & Connect or that fits, in.a
S1atd i gdt % 1t
t hr eaded _apert%egggﬁ,aggm. Rthey Bokliniies sush abel plating eaghnignercal o 10 ARy
the first spring €onnectors 22 and one Qr npre REGRGDofsdREdvR]
connectors 26. théﬁlnaalflmr82)@1‘9@@5‘%‘?%‘“‘3?@@&?0@ i?{/ssg%g’r@gt ed._:t;o t%}pe@gr;;,if‘nt ed
circuit board PCB 2 ' Qe fnRinBReckMiqhieis esetl gorpivingshs lppere ‘fhe
connectors 22.%%“5%.%88%%@?&%0% spﬂgng. connectors 26 provide.
an.electricg crewelgeishapeth26.ween the - PCB 58 ‘and the |ayer 76 (shown in _
Fig. 3), The first spring.conne Bk Q\r6\3dediby aghdickequermly ®®nnection -
bet ween the PCB 58 ¢ BPP‘%@%E%({)H&FE@%SC{YE%})V\M :ﬁrr] Fi '..y3) Oz;hlpté?{e(}}l‘c\c%ékgl 24. -
Wth this ar r_arkggg}cg@;(notmwa),wﬁlak'a'wwfwﬁ%ge@ qr Brefes ®ot's provi de -
the active connection to the RF generat : ; RN KIn gHoweves ct or S
26 provi de-the apegedqpé'tﬁﬁay%ﬁ??eﬂcfﬁgﬁ?g %tﬁ{]gﬂ %‘gﬁrgr at or . Thﬁ\ éﬁ{insducer 10
incl udes the st@ap;LiagiaR tHehangbREagptaximately 0dito 2.0 MBz gan beé}sﬁ‘l:t heds RQyver 1 -
conductive region on the resonator. 14,  such. Yoat CONHRELs 165 stdndadd BN be
cont act ed bys tmﬁsqetbt@dh%m‘lsﬁﬁe’c@ﬁ]f’f&%hoarc‘?%{- _bfr?gggta.[ of the Iayer.s_l_ o
between the layer 76 ﬂgaggfstmstrﬁéauﬁa@bﬂézar TheeRE voltage i deljvessHa e IV (i . e,
the |ayers 70, 3 ané,, , contact- W %Iﬁ 30 the -Ségﬁgegegﬁd%gri@cohﬁec‘mﬁ%- o
el ectrical |y ecpbycthefitst spoing eonngiers ve £ QO BI3Fs ct of the crystal 24 that
s adjacent 10 NGt E3GNBHAL s bilonifaNg cbiinebied mthe pncecxirnod bowd ™ B Zauch
electrical  con Ath the netal .[ayer 82 to co%I elggthe circuit for
driving the crysfoak iRF Sol@getoapreliund tobt Fo8s¥PEsdAt “0o 03/ 047306
The second spring connectors 26 provide an-electrical connection betweon .th_c
' ' ring connectors 54 provide an

20
PCB 58 and the layer 76 (shown in Fig. 3), ‘The first spring _
electrical connection between the PCB _58 and-the layer 82 (shown in Fig. 3) on the |

crystal 24, With this arrangement, the pI_urality of first spring connectors 22 prqv1de the

active connection to the RF generator and the second spring connectors 26 provide the -

a5 ground connection to the RF generator. o
| The transducer 10 includes the step-region 27._ The step region 27 isan- -

. nator 14, such as the layer 76, that can be

26. Since all of the layers between the layer 76

- contact with

" electrically conductive region on the reso

contacted by the second spring connector

and the crystal 24 are electrically conductive (i.-e._th'e layers 70, 72 and 74),

the step region 27 is electrically equivalent to contact with the surface of the crystal 24

30 . |
make electrical _

that is adjacent to the resonator 14. The first spring connectors 22

contact with the metal layer 82 to complete the circuit for driving_ 'the crystal 24.

9.



Fig. 8 illustrates the third enbodi nent of the transducer 195}%& mwers
an - approxi mately uni form anount of acoustic energy to each of surface
" area on a rotating substrate in a given tine period. In Fi ﬁ 2%'5“- nts
that are iggyfsgaddost 0 el ements described previously are r_ep‘%ég ‘c?ﬂ ea y the
sane identifying nunbers. In Fig. 8 the 5 crystal 24 is rectangular in
shape and has a length "L" and a wdth "w'. Cenerally, the length "L" is
equal to the radius 108, but the length L maé3 be sli ghttgé ll%fnf er than the
radius 108 to ensufig sfiMaes thetkirdembydiment ofiike tsansdugerel O deRyRs & ystal 24

is divided into a plurality of segment.s ; Bl ardeiéha @ segnent
148, a segmendppaBdmataly unEormaRANaHY Fahe E‘éﬁéﬁ@?@#@“?ﬁ%ﬂnﬁnt% 146, 148, 150

and 152 conprise a N iod.OIntHig 8¢ elymemts thavare mﬂﬁﬁ@h@rﬂmﬁn&s, Che
crystal 24 hégmﬁg%ﬁ&gﬁ@t%%fgprﬁﬁﬁeﬁfrm &

our ‘separate pj.eces, whic f ikop.as the
segnent s 146,dmedwimuawzpremmgmhetsme @@g}@ﬁsm > @ﬁé 81@8 and 152
are attached to the resonator, 14 b - 17 widttet acdeeally, ltheyer s,
such as the drasrel2d 15 Tee3s aét“éé“?%%f!%s?g%?é@og’tﬁgathe segnent s, do_ not

short circuit, e@%th of 2 Gldy(134 th¥ raiue08; but e tingthf LY may be glisbHY longorghanthe -~ 150
a

and 152 have s rate el ectrical conneciions.to a1 SERSEAd& intosuUCh
as by using smﬂimsdﬂ&tosqmﬁﬂrﬁgof&ﬂﬁﬁé‘b‘i‘ﬁggog%eF%@%é@ﬂi%%ﬁgﬁt. I'n this

enbodi ment, the r 4 Wk otnient 49, a Rpmiest 148, 4 degoens 160 ARd dluous
T hes SRRk sich Ak Stgien

pi ece. _ ustrated in_Fi 8,, the use qf
control | abl e seppgmerf2s Eath ofitle segments H‘t@smﬁzgﬁo g ]tsg %@Sﬁss?gd cﬁ%&gg@t{ﬂ%{ ways.

e o veaSat e Rl R i ubitS, Ay HiAnto dourSepsentepioca whidbas and
be driven 1at @e&pﬁaggzg% o%l‘gmr%fbgéhe(]c ; 152 Bafren n ri3epacn

ts/cm. The segnent | Lven at
a greater pOVER fidifd thdegmegnbss, 145050 andel 525 Eaghefitherssgrmprts é‘&’f%@ ng {a‘%de
greater power than the segnent 148  .and ¢fdayefs, suéhlaythie at a
great er power 15hare atiashedtodherciongig!4 Whaeseb%gtf (%gtgg%?%ﬁ%oyve?y W ih i ncreasi ng
radius means 10ak ifystifed ix0ig, SUIS Baehiesegmentndd hat sburt ¢ieasis o1 lectrieply cpuRlSes
under the segiren 2 wll receive %{@a}gﬁ t ot %#M%fw%ecggﬁg,gyh@s an
equal unit of Bauhbfthe segmentstiAGit143:55p G&PAhe segr;tﬁnt' 1;2’@%@“
t hough the t units, ar - aak Bpripecontnecsiral? fop dachgegmean anmount
of time. Addit¥&HaF tﬁ?s‘?ﬁ%‘}gtﬁ’ﬁggﬁﬁgt ea%,hé))f. oS BGlRe pidd0, | 148, 150
and 152 i s onegbodiimentythe resdnatox 144hown g DHS L} e PPUHOT RET ;éo can .be
used with separate conirpl grp@g}tg,sthga d oF sepacately bentwilellde of t he
segnents 146, 148, L%ﬁgﬁe’g%%ﬁfég%l?ﬁtéﬁent and d?'i ve . 3@ s?racgh %Sﬁerr&%% At a
di fferent powggenidits aows ticaiahwluaamd torbegrsed infgveralvayp BFfrdf e %esig For the
enbodi nent illustrated in . Eig. .8 is ' I PRef hySdiffbrentdédwas one
conti nuous pi é¢®,14B450wpd &?i/‘?‘ﬂ@qchegua{rlr%{ég?ange# §2 1 _ntlo se?fgr a6 sggment s
10 2 5 APROZO%@atts/cmz). The segment 152 is driven at a greater power than the segment 150. _

segment 150 is driven at a greater power than the segment 148, and the segment 148 is

driven at a greater power than the segment 146. Thg_increase in power with increasing

radius means that a unit of surface area on the surface 104 that passes under the segment

152 will receive the same total amount of energy as an equal unit of sprface area that
passes under the segment 146, even though the two units are not underneath the crystal

25 ._ |
h of the segments 146,

24 for the same amount of time. Additionally, the time that eac
148, 150 and 152 is on can be varied.

A second way that the transducer 10 can be used with sep. |
make the areas of the segments 146, 148, 150 and 152 different and drive

é,rately f_:ontrollablc

segments is to .
each segment at a different power for a variable amount Qf time. |

An alternate design for the embodiment illustrated in Fig. 8 is to leave the crystal
separate segments

30
24 as one continuous piece, but to divide the metal layer 82 into

10



PCT/ US02/ 35044 WD 03/ 047306 anal ogous to the segnents 146, 14@,5 ﬁ%mﬁd
152. The segnentation of the netal layer 82 is acconplishepcmesoypsedde sane
* techni que tweto3®B08lescri bed previously with respect ‘to Fig. 7, for
creating the wedge shape 126. The segnentation of the netal |ayer allows
the crystal 24 to be driven at different power levels along its length for -
variable lengths of 5 tine in t h offtecn@slduyepusl| y
with respect tagalpgeps tathespgments lpﬁlﬁg{ﬁg esl%Zhgﬁl?é\%ﬁeﬁﬁgﬁ{bodi ment ?f’ t he
transducer 10 hﬁ?&ca@ﬁgiiﬁfé& Ssifig thelRinfeasdmianothat wasfdesoribedspredoushyey gy resRscieach

unit of surfacé area on a rotating substrate in a .qiV | ke I n
Fig. 9, el enenb&ig Aafor ereatingdbsvedgsshapsol 26t ﬁetggleat@g@?fg%cfh %@g%gﬂ% are

represented by the s L dent i f.yiBeeWERE Bveld dilorfgiig lerigth foineariebly fangths 08t has
the wedge io %%ﬁ%%%%ggfﬁ%eggy%?g\e/i gusl y vvith.dr_glespect o.Fig. 4. The
crystal 24 js phsm tHé sinberhyitint wasdesqribed previoysyith ggpechtodie-duch as a segnent
160, a segnment 164 and .a se n 8. 78 MaPdeliféls 2164 and
168 conprise a sepﬁ’&t9éﬂ?ﬁ“é%g5’8%°“%ﬁ5m3$°3§91g%%912%§\ﬁd?§&ea0h _segnent _havi ng
the sane area. The.neasanRfhoustkeaiiytorgch init df safhet greaen dORINE AEPSIAE N hedge

h 90 with THe tech f enting t tal . b
S8 1 oatgvoximeiodc i Sunepelts b dre Ranicols eibipess dlebrbcdBreviolty

acoustic energy to i idedH GEmBERAINFig o) thercnisat 24ims therwedge 104
inoa given ti egg;eﬁ%ﬁ%ﬁ%‘ﬁﬁﬁe‘t_hgﬁ'is%gnents 169, 164 and 168 i%rdgdi?&ot ched
to the resgnatshapeldd degcribed prepimnsy E’ltb@PPeGﬂ%Ft‘g-écﬁhﬁﬁ?'Stf‘%é? sodivid as the

el ot 1 cal Iy cagiy ot eetbsy g 4 Bhert 160, S3EERRT L6t 249 a??‘??”f‘ggv?ﬁ‘éﬁ;? ate
el ectrical conggsdgnens 160, lshandFesgemerisstageparae pifones e oyl g"%‘ B e
spring connectors 22 for each se nt. | Q!nﬁ:'rﬁﬁﬁ’lﬂ leBijues 6fi€ing gRONAt or 14
(shown in Fi gs.eg@ynti@wgsF‘wsma?mé““gonﬁl‘i‘%%‘l?g;p| ece.: Iﬂ{'gh(la "ec‘?_mcdi%ent -

i |1 ustrated i ngtogchade ob Hith thetechiiqreib sspaienting thoorysta R4 isishat thisallgwea geatel) | ows

t he transducer %éto be used in several ways. K First_. tHggnent s
25 160, 164s andkg@®f mobé’ebﬁeﬂlwmét““’%"ﬂﬁ #@P&?ﬁa S%E&f%tg Ieasc}@% )%? as was

descri bed prevj ous | PEGlrfde® 107 il a ghen tiinielpetibk segnent 168 bei ng
driven at hi gh%lﬁé%éo%\ég%\ér{tﬁgaﬁt Ee rse ment. 160. Th irtlc easgnaitc;}_1 Bg‘éer with
i ncreasi ng radi us riEsansf e segmeniail 60, 464 and 168 aieatiaphed tothe FiREnatQ IS RV &1 04" { hat

passes under the s e%g[ﬁo?%ﬁgc%eréijelisr SEEhsUBe 1H6s SRdRated DR, 3osutbattheof ener gy

as an equal uniePgF ace are hat _passes under fhe seq| ' 0 even
though the twosegmiehts danet shat cituiter elecitidally Geupls. ﬁ%"éf’%‘?ﬂ S?@%‘qgﬁgo’éégeméamu nt

of time.. Each of the se ts 160 .. ferGdh sih a8 Oy udig deparatehe sane
amount of 29 rre}ng}aV'Fqumaﬁ?%\gegﬁcﬁlbﬁ%@%gtrlr%ngﬁ%ﬁg?ft]g?ne. -Fa'rtherrmr'e' each

segment can begpipg @bnrieftbrsaL fol chéhesegmentt Inrthis embodiment, the resppator_ 14’(shown n-
Fig. 3) is still one continuous piece. ' : :
| In the embodiment illustrated in Fig. 9, the use of separately controllable.
segments allows the transducer 10 to be used in several ways. First, each of the segments
160, 164 and 168 can be driven ata different power (watts/cmz),'as was described

previously with respect to Fig. 8, with the segment 168 being driven at higher power than
radius means that a unit of

25

the segment 160. The increase in power with increasing

surface area on the surface 104 that passes under the segment 152 will receive the same

total amount of energy as an equal unit of surface area that passes under the segment 146,

30 even though the two units are not underneath the cryétal 24 for the same amount of time.
| Each of the segments 160, 164 and 168 can be active for the same amount of time, or for

a variable amount of time. Furthermore, each segment can be on or off at different times.

11



11 WO 03/047306 2 5 APR 2008 PCT/ US02/ 35044 Second, each of the segnents
160, 164 and 168 can be driven at the sane power. However, hég z[ps

" enbodi nent the length of tine that power is supplied to eac S

di fferent }T&JOH Mg&rd use, each of the segnents 160, 164 arRCHBH2EFE4dri ven
at the sant 0p3 r, but the sequence of when a particular segnent is onis
varied. Usually no two 5 segnents are on at the sane tinme, but when a
segnent is on, it is on for the sane length of time as another segnent. An
al ternate design f AP OisERhtsi160,U54 and BEB dan bETGVenDt the sae pewFfe t he
crystal 24 as oneg%gl?\cp??\uou_s piece, but to divide.the ﬁ%dtalggéh@fﬁrﬁerﬁz into
separat e segnHoweverdndipepbmdiment thedengthghtimedhat ppwerigHPRies B S8 Sy

segnment ati on of  the tal.l.aye ' L RnRASE N8k iasd esB 416 Ufigntabthe same

t echni que tha¢ erﬁggb?b‘ﬂgayepéag\ﬁngg{&gfe Wlnth r’espec_t to Figs. 7 and 8. The
segnent ation mgéwér Nt BfRtselucheyofrwhah & pasticuldreegmans isen igvaried. bisually g &WO at
different power levels and times alopg its length in. ah@lentat was
descri bed 5 prseginsatsiage ar at fhesaragBng: bﬂ.\g\glﬁnga_seg_ne ilsgq{’ S}dg Wfoﬁgﬁéat es gﬂa |

vari ation of the ‘i%&g{h@& sigown in Fig. 9 where the crystal 15 24 has a
triangul ar sh%%gn Instead of the wedge shape 90. The.c stagmzc daf

divided into a planalérnate ddsignSeprteaambodiment ilipstratedin g, 115 P/AVCRICSHTR ht 176

and a segnent_178. Each of .t el 08X sbyfdrate edgRiehse a
separat e pi ecH $roneenuioL; i gbﬁ W tﬁé%gﬁ%léaé’grrent. tfal\?/iarllg tﬂe sgge ar ea.
The reason f Ofnafspehi Ritheseghents & M4mnds 681 Thesseamentaion AfdRiFBCAHANTE SO wi t h
the techni que of segnenting the crystal 24 i [ lohidWespactds eat er 20
degree of l@on%chmpbg‘@?uﬂégﬁ'\?é‘?‘?%jc ‘%ﬁ%"ﬁﬁ?‘?%%ﬁ%un p%éf%%?; lﬁlticpenerqci;y to

me

each unit of F%&'ﬁf AQ%. AHBegibnialion sfthambtadag allawsthe oystah24eto §p deven
peri od. Each of the segnents 172, 176 ,and 178 are at tai/‘?ﬁ%?qla%ﬁ’es&fﬁdr esonat or
14 by a sepadifferenspawesfievglsenad inesplongly ¢! in the REG Y egparat e el ectri cal

connections to the RE. ,9.@s was described previously with respect
to Fig. 9. ThP‘?V‘SB?l*lwftgg%sﬂgégéeﬁg}%ents 25 172, 176 and. 178 fo be driven at a
di fferent power (vpigtitindttes evasiationtas thembpdiment showp it ig- O Bherg PRyl a5

descri bed previously wiih.res ' Blpe90. THe @yitalrAad dividedsingn f or
the enbodilfrent4 pqsp&émggtagﬂlaﬁnﬁﬁﬁﬁgﬁ&‘f%ﬂ‘%wf%c|Se§§e t he crystal ﬁ_{dgea[% ne
conti nuous pi gﬁﬁralitﬂobﬁsegmexdé,\ﬂhaﬂasamt 2, & sgemenBly6iand g seaprnt _818m3nt s
anal ogous to the segnents 172, 6_an 7 - B8 CHJsabtl, pith\chaus| y
with respect elighepggmeyts 1%6’ ]%%G“d %@Wﬂ%eh%{)%’géﬁ%gp?at i_ f))ln of the
t ransducer 105%9{1;3@9% the Wle@téal Theneisbn for combining the techniques of using the

wedge shape 90 with the technique of segmenting the crystal 24 is that this allows a greater

20 degree of control over delivering a uniform amount of acoustic energy to each unit of
surface area on the rotating surface 104 in a given time period.

Each of the segments 172, 176 and 178 are attached to the resonator 14 by a
separate set of attachment layers, and have separate electrical connections to the RF
generator, as was described previously with respect to Fig. 9. This permits the segments

172, 176 and 178 to be driven at a different power (watts/cmz) levels for different lengths

; of time, as was described previously with respect to Fig. 9. Also, an alternate design for
the embodiment illustrated in Fig. 10 is to leave the crystal 24 as one continuous piece,
but to divide the metal layer 82 into separate segments analogous to the segments 172,
176 and 178, as was described previously with réspect to Fig. 9.

30 Fig. 11 iliustrates a variation of the transducer 10 described previously with

respect to Fig. 4. In Fig. 11, elements that are identical to elements described previously

are represented by the same identifying numbers. Fig. 11 illustrates that the transducer -

12



respect to Fig. 4. In Fig. 11, elements that are identical tx5 ¢PENWHE s
descri bed previously are represented by the sane identifyipgrosonsses. Fig.

" 11 il lustraWedMKBO t he transducer 12 25 APR 20 PCT/ US02/ 35044 WO

03/ 047306 10 can be conprised of a first crystal 182 having the wedge shape

90 and a second crystal 184 having the wedge shape 90. In this enbodi nent,

the transducen 40, gxtciidRe@6ra%s anliPisgiafig dk wahed dhapoat dndasectbdorylath of

the crystals are attached to the resonator 14 as was described
previously wi t184 hesngtht vedgdshepe 99, Inthis embedimeanthe frapsduces A0 extend acrosstpe

Con i be i moankiangienibe granaOr ERAar 5 chfaR 1P RA dofuRemE aPE OF
described D Guonstst V4 svidd deRARAGrovichslFngth rdspect & gl rog funetivs iefgsens s 162
an cou

e segmented as descri bed previously wth res t Figs. 9
and 10. From tvay. ?ﬂhgexygtgiSd& ;xdlﬁﬁggullg)hp re ?“%‘?”ijts)s%ﬁ%m‘a"f%e W%d%g%‘gﬁé 80 blagil ear
that other 1 Ldes; §Hap9l), eswasddsdribedng|

at other 1o sﬂg@%@?ﬁ%?@?%wgg%yﬁmz%ﬂa% 1R Qvedpesiapd 90, aswasdds ngl es

can be used wi? _ wer ‘transducer 10. In eneralﬁi,r however. the
transducer 10 peaw@sly vitlr fespeptao EignT. Similardss he caystals 82904 { Steoulsyhe seggme e

obj ect 103. Anot her, ranet er .t.hat . Vanhgd so that the transducer 10
del i vers a uniaf 8¢s¢ib ﬁ‘ﬂ?@ﬁ'ﬁ‘éﬁ?&?ﬁ@“ %egrag{l/l?'o each unit of surface area

of a rotating substprsh theidiscissioh vEFigs. 158, 9] Heanddilj ibshouldbetclrar thpjathefiess of t he
bondi ng I ayer 70 shown in Fig.

/ g. . 3. var yi ng.t.he thi ' digver 70
al ong the Wi r shapeshesides theavedagyihare fo?m‘féi%s aggmtfe“rmgtéer%c% g‘%&%?/%thg{&? ransducer
10 changes. |t LS. fBR8BE 10, R kerefl, howblerberansiuces 40 bovers fodypatednt enlesst .
reflection characteristics of the acoustic energy as the layer thickness

changes. |t i oftiesarfaceiaraa of the obiegtdO%ucer 10 can be forned in many ways.

Stated generally, mgme%ﬁe@gﬁgpgﬁrbegmrs&m thlraA€iRbE 10 delovemraginiform
generating nmeans for genmerating acoustic energy in the f{)’%guencgivr ange of

0.4 to 2.0 MHamolifofacoustit énergytesagl urjtofshrieqeirant a Foiating SHoUALS g g1ven
I mat el i form, t. of . £ i f
approxi mately unifor gﬁ@g%j{?@gﬁs H?gjg_glg,%/d 1?%%79)4},&“9, f35) 3UByvar9gty f ace

area on a Pot &MeRgrio e period and has a surface area
that is. |ess gibafss srehelydr 6 slong thedivéction bEthe ridins 188,6he povres ewitiad by thes

SLLOSH TS et ganeacep g VSRR Bt 0B {00 e
process. The aguat hafieRfisiics SEME auitiegnergpasthertayer thicknesaehanges: s, |
g e e e U SA b S il o e S
rectangul af, crystale WhhblissSRAkalsae shefpd BéreRiting hletnsFargenerting acoustic energy in
the frequency range of 0.4 to 2.0 MHz. The acoustic energy generating means delivers an
~ approximately uniform amount of acoustic energy to each unit of surface area on a rotating
substrate in a given time period and has a surface area that is less than the surface area of
the substrate. A resonator is attached to the acoustic énergy géneréting means for
25  transmitting the acoustic energy to the substrate through the liquid used in the cleaning
process. The acoustic energy generating means may take many forms, including the wedge
shaped crystal shown in Figs. 4-6 and 11, the rectangular crystal with wedge shaped
electrodes shown in Fig. 7, the rectangular crystal with separately controllable segments
shown in Fig. 8, or the wedge shaped Cryst_al with se]ﬁérately controllable segments shown
30 in Figs. 9 and 10. _ |
The transducer 10 is used in megasonic cleaning processes (or other processes

where a liquid chemical is applied to the surface of the substrate), where an
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shown in Fig. 8, or the wedge shaped crystal with separately controllable
~ segnents shown 30 in Figs. 9 and 10. The transducer 10 is us%i@
megasoni ¢ cl eani ng processes (or other processes where a liq ﬁe@%al
i's appli ec{,ﬁ%(?mmo‘surface of the substrate), where an 13 VWECHAS0%7¥d6 2 5
APR 2008 /' US02/ 35044 approxi mately equal anount of acoustic energy nust
be delivered to each unit of surface area on the rotating substrate in a
given time period to assist in the cleaning or chem cal process. The
transducer 1Qpproxiaseiréquhl amoustdfiabouktis enctgy amishles detivired towwash unitcafsurfacst ar e

difficult to clean in bat ch process.. Such | A . .

sem conduct oATRAR LT tagngs %’&?F%%‘GL?&“@P tWSfng%d #ﬁ%ﬁéﬂ@é%ﬂ%}l%ﬁ%@ anlr?alr un,
such as for ?i’b%éﬁml"}i@ﬂ@nsﬁﬁcer S RREpeoRI: wefut Fur pRanihg mdiviiuakitenditgilaseys, and
other large flat substrates. The cl eaninhg praocess for cleani n‘g?tjandi vi dual -

i tens of thi diffiuittoiclarinesatelnseops Guch Hemes BeIRFe1AreE FFRIANEST FFIEHSY o t he
sur face of; t g, 08 fihor AR i 10 fbdddfiod R, AN BCfor cldiPkAGAKN the

transducer 1 cousti c energy em romthe resonator 14 is 1lo
transmtted iexgesiniental giipc fiatpand] displapsyandotiues dasgecflas awhisiigies.o occur. In

alternate nethods,, the .transducer. 10 can .be tot . .1 | hel d
stationary, or bothe g%ﬁ‘?"’@é’r‘?‘ﬁfs&fc”éﬂ‘?mnﬁ “g’]‘é}a‘ﬁ' ggmgéﬁﬂ?g&gﬁé%&egg@gghg | ui ds
are used for ,dieffigg 8fProdekEMill Rtkht affase of BRCobjévs akd thewroping thewbjeof many
process fl ui 33 I's proprietary to the conpanies, that rranufaag%ure t he

f1uids. Homevede,me@_gmh?:ﬁ#nsml;@sﬁ@Pﬂicﬁﬁe’ghﬁfpiﬁ'G@_ amhe fepqugt &, aqueous 15
sol uti ong,of u%{EP&?{Eé&{H%oQP{%SrB&fﬁg ﬂ'g,igm{ Q58 RleRGROW dibur. My Slfeptd ethsdsathed,

nitric acrd, “acetic acid, rofluoric acrd, and conbinations of these
reagents. Cotamstucer i@ eah bepotated sud the abject beldstatiprdry ws beth san b tatatedd t o as SC-1

and SC-2. The reagon an. ARRLOK LHBLEhYia i AkePBPHbroR{ IAGA sl BRET OY MU

be delivered to G [ urface area on rotating Substrate in a
gi ven time pefdcasbmipositingdf ity pRétessf flubdstis proprstary ¢4 the kempdnéssithatg or cheni cal

process varies with the apoynt of acoystic ner.gy that.. nsmtted into
the fluid. THeREagre thefuids Hoxeus WB’FQ%QCS?? ff‘“‘g’ "%V#ca@%ﬂ%? _wé{eg\ﬂé\sgé)pg recei ve
di f f er ent,; angintons 8F ardOMBhInGdRRIRE Qydrobdieperdiady; BRircdhlaticanid] nigicmid, vary.

This is particularly true in cases where the g;hem Str oEothe' rocess fluid

i s assi st i ngadetic aqidheor bydsefianig agids and gompinatiqns ot Uiese rs3geRiss oMM IEeht t he
transducer 10 L& ﬂﬁi%}c%ﬁh b&riond AreAbfeRO@s 5Be Mideskent invention has been
t

described in"terns o e presently preferred enbodinents, it is to be
under st ood t hat sTheireatpsan approxémately aaial argounts ef aoepticspergy mugide delivered

to each unit of surface area on a rotating substrate ina giy_en time period is that th_e '
20 effectiveness of the cleaning or chemical proceés varies with the amount of acoustic
| _energy that is transmitted into the fluid. Therefore, if different areas 6n the surface ofa -
wafer receive different amounts of acoustic energy, the degree of cleaning may vary.
This is particularly true in cases where the chemistry of the process fluid is assisting in

the cleaning action. In such situations, the use of the transducer 10 is desirable.

-

25 Although the present invention has been descfib_ed in te_rms of the prgsently
preferred embodiments, it is to be understood that such disclosure 1s not to_ﬁe interpreted as
limiting. Various alterations and modifications will no doubt become apparent to those '
- skilled in the art after having read the above disclosure. Accordingly, it is ihtendé_d that the
appended claims be interpreted as covering all alterations and modifications as fa_ll within

30 the true scope of the invention.
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limting. Various alterations and nodifications will no doubt becone
_apparent to those skilled in the art after having read the above

di sclosure. Accordingly, it is intended that the appended gy FBZ
interpreted as covering all alterations and nodifications as al'l wthin
30 the true scope of the invention. 14 2 5 APR 2006 CLAIMS W claim 1. A
transducer conprising: an acoustic ener gA%Mneratl ng neans for generating
acoustic energy in the frequency 5 rang S0.4 to 2.0 MHz, the acoustic
ener gy gener ati\?{g g%ps bei ng adapted for delivering an approxinmately
uni f orm anount YF ¢@Bustic energy in a given time period to. each unit of
surface area on JubdH B ﬁg{ﬁéace of a substrate to be exposed to the
acoustic energy en a reI a Ive rotational notion exists between the
substrate and tdneacdusticederge genetdumg nEeenafor g@neaﬁlgg 5Pl RIEEEH mghmﬁmncy

| udi d fe t hat | ab t
eor gy 1 saaert oot M ey e el PorbraBE R BB ed Ru Bpupt ' ©
i ncr ease étn{:aé)k)lr Siithte Wrﬁfﬁr&wﬁﬁ@ﬁc@%ﬁfc%e@?hﬁﬁgmnhﬂieé}ietibﬂ&b et uron f or

poi nts on particul ar surface i ncreasin i stance froma center of
the parti mﬂs&rfamméamea pmmmﬂ:w@w of@ﬂéls‘gyteg@ eexnoserhio the apastiy 8R4TEY ng

| ess than one hu nt .of the rti onat or
att ached t‘éihan?ere 65? EO E}o&?nﬁelﬁtérbgﬁeﬁﬁ%%l #é&ﬁfr %H%%ﬁ‘@eﬁg&t he 15
acousti c eperaN eh&g& ?%éﬁﬁ@%@h@mcﬁxdm@&@e&ﬂgﬂf@dﬂ@ﬁét ddivet aivaridbleaeoaitn t he

acoustic energy generating means conprises a piezoelectric crystal and the
desi griof eadfiaceustioeqargy Femahewsgysticsnengs gererating magnetoompensatefog ay scgpess n

which a first d of th d 20
end”or « han e Seloghy B Ch{BR RN iga Rbln ol Botlliind pafl-dangrnny | 70

acousti C efjekdhsiig Antaice ﬂﬁmrmﬁ&r oftherpartiewlar mrfa&st’nembcbwtmemrgy gatratifigt wo or
nore piezoelectric créstal eﬂ'lments and t Oggl}e desi atu conprises a
wedge shapeeas ovérlyingslsasibagon upsed Rergent; enmbl y 25 |s

w der than a secg Fqla%?qtt&,fhe& REn@SSHR ofer. geﬁ_é}ﬁtlﬂgr rﬁéh%gﬁﬁ'%ranﬁﬁutﬁﬁ

wherei n the acoustl ¢ ener gy generating*ne conprises a piezoele ctrlc
cryst als hatbtgic@herggasthesulsstreteect r ode and the design feature conprises a
wedge shape of the electrode in which a first end of the el ectrode is w der
than a 30 second end of the electrode. 15

2. The transducer of claim 1 wherein the acoustic energy generating means
compriées a piezoelectric crystal and the design feature comprises a wedge shape of the

piezoelectric crystal in which a first end of the piezoelectric crystal is wider than a second

20  end of the piezoelectric crystal.

3. The transducer of claim 1 wherein the acoustic energy generating means
comprises an assembly comprised of two or more piezoelectn'c crystal segments and the

design feature comprises a wedge shape of the assembly in which a first end of the assembly

25  is wider than a second end of the assembly.
4. The transducer of claim 1 wherein the acoustic energy generating means

comprises a piezoelectric crystal having at least one electrode and the design feature

comprises a wedge shape of the electrode in which a first end of the electrode is wider than a

30 second end of the electrode.

15
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2 5 APR 2006 5. The transducer of claim1l wherein the resonator conprises a
material selected fromthe group consisting of quartz, sapphire, silicon
carbide, silicon nitride, ceramcs, alum num and stainlessz%tﬁth 6. The
transducer of claim 1l further conprising: an attachnment |ayér positioned
bet ween the acoustic energy generating .neans and the resonator for
attaching the resonator to the acoustic energy generating neans. 10 7., The

transducer of claim®6 wherein the attachnent |ayer conprises a . mferial -
sel ected fromthe: Jﬁ’éﬁﬁﬁ“ﬁi&‘ﬁ%ﬁ@ﬁ{gﬁ’@?&hef% Fr?so{l%é?f,Cpfl’t?g‘?ﬁr?l%?ﬁe{}@]s%%ﬁt&dti n

al l oys. 8. %ﬂﬁ% - az%r&l&?ﬁ%@ire i ©igbiad, sReOERidd, duamigoNPr i ses
epoxy. 15 936%1%‘% ra.g:gﬁ%%tggg?hc ar mp Wﬁerle(i)n the substrate conprises a
sem conduct Qumviafirarand $@inleEbatedlr ansducer of claim 1 wherein the acoustic

energy generating means conprises a-piezoelectric crystal and the design
feature éonprises a wedge shape of .the 20 piezoelectric crystal, the wedge

shape conpri si ng ¢ 1Rl 338 uééfg)tf ﬁﬁn@ffuﬂié?c&hﬁk%ﬁ:eﬁ ric crystal conprised
of a first side, a second1 side, a narrow end and a wide end, with an angle
separating the fianattachiet kyarposiienesldetwen shechsoussia gnerge gensetinganesssand o

e B Gl eyl gl U 8 ALY R Bl b "

10 . 7.. The transducer of claim 6 wherein the attachment layer compriseé a material

selected from the group consisting of indium, tin, indium alloys and tin alloys.
8. The transducer of claim 6 wherein the attachment layer comprises epoxy.

15 9. The transducer of claim 1 wherein the substrate comprises a semiconductor

wafer.

10. The transducer of claim 1 wherein the acoustic energy genérating means
comprises a piezoelectric crystal and the design feature comprises a wedge shape of the
20  piezoelectric crystal, the wedge shape comprising a planar surface of the piezoelectric
crystal compriécd of a first side, a second side, a narrow end and a wide end, with an-angle
separating the first side from the second side, and the éngle chosen so that the piezoelectric,

crystal overlies forty percent or less of the particular surface.

25
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