RADIAL POWER MEGASONIC TRANSDUCER TECHNICAL FIELD
The present invention relates to transducers that generate acoustic
energy in the 5frequency range around one megahertz and more
particularly to a system that delivers a uniform amount of acoustic energy
to the surface of a rotating circular object. BACKGROUND
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Megasonic acoustic energy is generally created by exciting a crystal with radio
frequency AC voltage. 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. For 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
nitride, stainless steel or tantalum are glued to a piezoelectric crystal using epoxy.

It 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 wafer and
used to both couple the acoustic energy to the surface of the disk for sonic cleaning and
to carry away dislodged particles. Similarly, U.S. Pat. No. 6,039,059 discloses the use of
a solid cylindrically-shaped probe that is placed close to a surface of a wafer while

cleaning fluid is sprayed onto the wafer and megasonic energy is used to excite the probe.
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It 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 wafer and 30used to
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Fig. 3 is a schematic cross-sectional view of an acoustic transducer
according to the present invention; Fig. 4 is a schematic top view of a
wedge-shaped crystal according to the present invention; Fig.5is a
schematic top view of the acoustic transducer according to the present
invention; 5Fig. 6 is a schematic isometric view of the acoustic transducer
according to the present invention; Fig. 7 is a schematic top view of the
acoustic transducer according to the present invention; Fig. 8 is a
schematic top view of the acoustic transducer according to the present

toinvention; Fig, 9 is a schematic top view of the acousti f
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radius, just as if the crystal itself had the wedge shape.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. | is a side view of the acoustic transducer according to the present invention;

Fig. 2 is a cross-sectional view of the acoustic 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,



invention. DESCRIPTION OF THE PREFERRED EMBODIMENTS Fig. 1
illustrates an acoustic transducer 10 comprised of a resonator 14 and a
20transducer housing 16. The housing 16 comprises a body 18 and a
cover plate 20. In the preferred embodiment, the housing 16 is made from
stainless steel, but other materials such as plastics, ceramics, quartz or

aluminumgan he,usedn It AJepissepialive.confiawration, the resonatpr
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15 Fig. 11 is a schematic top view of the acoustic transducer according to the present

invention.

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. In the
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 thé body

30 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



22 comprises a base button 62 and a contact button 64 with a spring 66
positioned between the buttons 62 and 64. The spring connector 22 is
used to make electrical contact with the crystal 24 as is explained in more
detail later, Fig. 3 shows that the resonator 14 is connected to the crystal
24 by a plurality of 10 layers (not to scale). In one embodiment, the crystal
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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 provide 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 adhesion layer 74 and the second

adhesion layer 78, respectively.

In one embodiment, the first, second and third adhesion layers 74, 78 and 80, each

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

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

chrome and 50% nickel copper alloy. Acceptable nickel copper alloys include the alloys



completely. The layer 82 is preferably silver, but may comprise other
conductive metals, including nickel or silver alloys. In the preferred
embodiment, the crystal 24 is a piezoelectric crystal such as a crystal
comprised of lead zirconate titanate (PZT). However, many other
piezoelectric tomaterials such as barium titanate, quartz or polyvirtylidene

fluaride resin (PVDFE a s well- ninthe art. Preferably,
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material.with a chemically. inert material TeflonTm, HalarTM, .
KB T B PR ER GG LA HBANBLE K L TRt plsocesi
10ynaedentiechos threivasbraty dattr oheptivalljidescflvithi¢hesitl €BMIDE), may be

fluidsehihgs the-material HRegkap e 650015 44 ﬁl%b@%lg i&%%je_%gra%tng

least in Part, bé/t,he nature of the cleaning fluid, Sapphire is a desirable
mab&P o R IHEY I8 B8 S atsP P A MR e eenidMBbe cleaned by the
transducerhtGrreguire paitscpesdritidrngngitye batcxamiple: SRBRIBENHUTIOr Pat,
wafersgegyire thi rty..A hydrofluoric acid.(FM based cleani
fluid m%h%%%%g? %%}ggé%%l% %‘?%%gé‘ s %/ep% e g Pl it must
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connected to the crystal 24 using a combination layer in place of t é
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inertness is desired because it is unacceptable for the resonator 14 to chemically react
with the cleaning fluid. Thus, the material used as the resonator 14 is usually dictated, at
least in part, by the nature of the cleaning fluid. Sapphire is a desirable material for the
25 resonator 14 when the items to be cleaned by the transducer 10 require parts per trillion
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 és to
30  minimize reflectance of acoustic energy, such as by making “k” a multiple of one-half of

the wavelength of the acoustic energy emitted by the crystal 24.



is applied to the resonator 14. An acceptable emulsion is the commercially
available product referred to as the 2617D low temperature silver
conductor; available from EMCAREMAX Products, of Montgomeryuville,
Pennsylvania. The layer 140 is applied directly to the resonator 14 using
screen printing techniques. In this embodiment, a redon of the

combinati j lon 27 (shown.in Fig. 1) to
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variable iftSERP e IhisRsigas dir tebtcsprrtinas s RS amems of

threughttheeergyeousesludidgivetibereesieehranabissnensiyAielg i pdriod.
illu the, first. method..In Fig. 4, the crystal 24 has a wedge shape 90.
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adjacent to the blunt side 94. An angle 0 is formed between the sides 9

and'58%F e RRa JReiarseoer it feethr franiissb Ha ifirivetae mifacrisernt of
10 needizinelgliveran afpsosimaielapsahaninuaiah aReray dmeagibHNie
s e SRR R Bl e R e Fe e
objeetademérdity frdicdydsidapeoneafdrs fdifipperoetitods. 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 desired variable
intensity field. In a third method, segments of the crystal 24 are driven at different power
levels 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 methc;d. In Fig. 4, the crystal 24 has a wedge shape 90.
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



5less of the surface area of the object. For example, in Fig. 5 an object
103, having a circular surface 104 is rotated underneath the transducer 10
at a constant rate. 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 taunderneath the wedge, shape 90 (i.e. underneath
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20 motion between the object 103 and the transducer 10 that matters.
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 linear velocity than the region 118

25  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 aiong the radius 108. If the transducer 10 has a uniform
power output (watts/unit area), then increasing the surface area of the crystal 24 in the
radial direction (moving from the center point 106 outwards) will give the desired increase

30 intotal energy output from the transducer. The wedge shape 90 illustrates this

configuration.



configuration. Fig. 6 illustrates an embodiment of the transducer 10
where each of the layers shown in Fig, 3 have the wedge shape 90.
Specifically, the third adhesion layer 80, the metal layer 82, the crystal 24,
the first adhesion layer 74, the first wetting layer 72, the bonding layer 70,
the second wetting layer 76, the second adhesion layer 78 and the 5
resonator A glllﬁaﬁemshaen we a 90 Howev r, such a configuration
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and a secon %ered side 138, As was described reviously in Fig.'5
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the transducer 10, the electric field is S%rf& by the potentla difference

that BYEESBEdaa AR SRR Siss s flpscribetipigiaydy ke 5, an
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126 an overs crysta é acous iC energy Lt
20cryseHita thdke aWaFidBhe |nten5|ty along the radius 108 when the surface

104 rotatemurierngathithenvedes phane 6. Yndrrmeaihdhearysieliving

24), Preferahly, the first ettln layer 72 and any other
)the crysta a}%X the wedge shape 9 ﬁus is because th)é 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

25 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
and covers the crystal 24, the acoustic energy emitted from the crystal 24 has a variable
intensity along the radius 108 when the surface 104 rotates underneath the wedge shape 126
(i.e. underneath the crystal 24). Preferably, the first wetting layer 72 and any other -

30  electrically conductive layers between the bonding layer 70 and the crystal 24, such as the
layer 74, also have the wedge shape 126.



30electrically conductive layers between the bonding layer 70 and the
crystal 24, such as the layer 74, also have the wedge shape 126.
Applying the metal layer 82 to the crystal 24 in the wedge shape 126 is
accomplished as follows. The crystal 24 is masked with an inert material,
such as Kaptone tape, so that a region of the crystal 24 having the wedge

shape 126 is,not covere t sk. Then the metal.layer 8 osited
by using a% @§§%§$%§§q§ %ﬁ%@i%?%ﬁ? %%é%ﬁ%&fg ,g%ﬁ%ﬁea%s%%%on
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shape 126. % wer for driving the crystal’24 is provi _
radibireE SeRey IR e &R o eh s bng el igusen yastbrised to deposit
genasatioral BrefesnbiyethetBRnoliagasaistshindhaiceyyal dRe énductive
frequency in the range.of approximately 925 KHz, However, Rl volta in, .
e A P R s B DT i S FRLT e A ey e 74
1015 thelivedeshapthE2fransducer 10 through a coaxial cable that connects to

2 standargiBNG.E0nRSHIPL NS findn sV ERdRdeRPIUR Ao Ihe ARy

voltage is delivered to the crystal 24 by the first spring connectors
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eleefiitiatlyochapeetethts theqréntednaitewihpoef dppfoRimmenhich milewsithever,
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provide-analacticah connasionhehveen e CR pEaRGNGIRY RS B2 crystal
(shown in Féfsﬁs) on the crystal 24. With this arrangement, the plurality of

firs? &V B BERT PP HHUTide HHECAR AUB i ATERE 87 18t iRgeonnectors 26.
gerEraRiN@nchtiretsetaietspaingonroedtar e priedidedthes2agetBds which

CONARGIAN!RING RE4SBE RN g}to-l‘;peecgarga% gIs 92 %gdi(?g!“.des the
step-region 27. The Step region 27 1$ an electrically conductive region on
20the resonatsrsaennsi rehiag Anadelpesy 2Paravidecarcisetdonitemstec thy treéween the

secend sPHROIRONHECIRN Bwainag A i thedayersibetyarp:theslayer it an

and 1the %ftal 24_,arebelectr|c}?llg conducctilv}? gl.e. the Iayers,?%, 72 and

7 4)? EORRSLEQRRCtion between the CB 58 and the layer 82 (sliown in Fig. 3) on the
crystal 24, With this arrangement, the plurality of first spring connectors 22 provide the
active cannection to the RF generator and the second spring connectors 26 provide the

25 ground connection to the RF generator.

The transducer 10 includes the step-region 27. The step region 27 is an
electrically conductive region on the resonator 14, such as the layer 76, that can be
contacted by the second spring connector 26. Since all of the layers between the layer 76
and the crystal 24 are electrically conductive (i.e. the layers 70, 72 and 74), contact with
30  the step region 27 is electrically equivalent to contact with the surface of the crystal 24
that is adjacent to the resonator 14, The first spring connectors 22 make electrical

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

10



30the step region 27 is electrically equivalent to contact with the surface of

the crystal 24 that is adjacent to the resonator 14. The first spring

connectors 22 make electrical contact with the metal layer 82 to complete

the circuit for driving the crystal 24. Fig. 8 illustrates the third embodiment

of the transducer 10 that delivers an approximately uniform amount of

acoustic ergygo each uni ,oé surfage area gn a rotating substrate in a
5 R
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150 and 1562g El%%h of 216 segments 146, 148, 150 and 152 are attached
to thePFEEBhato &}bﬁft EEPRISRE 58 I B hiRE AP PaSRenerist g Reaa dfepiece of

1dayehls_ fiystictédlinddigr Bosi, thatiyse: 5eg e btsitlounbite Ruftsdqineit HEces which
Codticall SouR G el 1R S N B ARG ARSI 150 and

separate electrical connections to the 15RE' generator, stich as by’ usi

separafEcsHitRlee dhHsciRses e fdre dcterBaimesof atviunsithoghn eurth dsehe

fesféﬂ'@@ﬂ%&ﬁﬁ@w'ﬁ@.ﬁi@q Bttt AN EnEOMIRYOUS PIEES;t or ellcizmﬂy couple.
emhod m%nt illustrated.in Flg 8,5the§se of separately controllable
seg aé’rk?tg AONEHET ARG ddtel P81 i hattrpuaticrhiea)sorsrstiondn the

L5of tRE gegpratmt siohGys b481sihEBepmetd Siogrduavet@g 0alfareat snshbe. In this
driven ata diff )l t.152 is driven at a
e G R R e o

greater pdWeeFia eI ar diuerterdn Famd tHe yar)piarraratgisanipdabt a
gresigh pawaldRathtesQUBRENS $4B. uEBE NG RASBIPONAE WA of the segments

incregsing radius ns that a unit of surface area on the surface 104
e R P B e e 8 AT Gt of
Z%nd@ua/srah.etihmmtcmf@arﬂam@aregargmatmpmsmmmeemm 150. The
seqmenl 45y e BN MR LR QOLNOHATER HIe il 24 i
e that each of th

for the same amount of time. Additionally, the tifr : e .
sedifiEFeuugc3eBPase 4138 ths scament d4h bEarrserse in poxesadBrisorraying
thatdfiedransdwear.iicansogusadauiihisenarateh capipllabl e, SR9Me Mement
is t(fg;)akﬁ the.areﬁ\s of the ngmentSf’L%, 148, 150 apd 152 different and
drive will recerve the same total amount of energy as an equal unit of surface area that
25 passes under the segment 146, even though the two units are not underneath the crystal
24 for the same amount of time. Additionally, the time that each of the segments 146,
148, 150 and 152 is on can be varied.
A second way that the transducer 10 can be used with separately controllable
segments is to make the areas of the segments 146, 148, 150 and 152 different and drive
30  each segment at a different power for a variable amount of time.
An alternate design for the embodiment illustrated in Fig. 8 is to leave the crystal

24 as one continuous piece, but to divide the metal layer 82 into separate segments
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30each segment at a different power for a variable amount of time. An
alternate design for the embodiment illustrated in Fig. 8 is to leave the

crystal 24 as one continuous piece, but to divide the metal layer 82 into
separate segments analogous to the segments 146, 148, 150 and 152.

The segmentation of the metal layer 82 is accomplished using the same
techRighethal wasdesaribed q;@vigtésga/\/fga respect to Fig. 7, for creati
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OohaiP I deitidbaiase viens lrenidore force smitienth glirecteehirlg iesiof disitg! into 2
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Iayggts, such as the layers illustratedin Fig. 3, so that the segmeén
ShEEREOTCOREILRIRSANY edteReniferom wneke sBeapisticse1 6@y 16 dacinuhi26f
168uneice separiaie aledicakeeanectionsirihgREgenerator, such as by

using se te spring con rs 22 for each segment. In this
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di
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spring connectors 22 for each segment. In this embodiment, the resonator 14 (shown in

15

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
25 160, 164 and 168 can be driven at a different power (watts/cm?), as was described
previously with respect to Fig. 8, with the segment 168 being driven at higher power than
the segment 160. The 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 surface area that passes under the segmént 146,
30 even though the two units are not undemeath the crystal 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.
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previously with respect to Fig. 8, with the segment 168 being driven at

higher power than the segment 160. The 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 surface area that passes under the segment

146, 30 e o) | n eath the.crystal 24 for
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metpﬂg@weéna%.?% %@@géﬁgﬁ@ﬂﬁﬁﬁﬁ e iﬂ@tﬁh?&y@?mﬁ)@%g igy& s WaS driven at
des%?g?%grevm%% with res%ect to Figs. 7 and 8. The segmentation of
a I

the BRFAIBHE e BRyEtaos 1 Toaathiehrammaratiopomas drseehsd

andptenesdjonighitedength Rigtlfe same way that was described previously

with respegt tq Fi 1. 1O illustrates a variation.of the embgadime

shown in %ZQQOF\}V é%g%% é%%%gﬁégéﬁ né%oal r?gﬁf:jhu ‘gpélh%{%égﬁ efﬁs&%gqsml
Lof thé Heddesnbpeve The erpstaiurivigidbebiritt. alphaalitpl@f is divided into

SegMemniisueheamameeamen ddtnrmagmenttitantb aReoRent k198, Bach

Each.of the segments 172, and 178 comprise a separate piece of the
cryé&ﬁif%ﬁéﬁ%’&ég r?{éﬂ%ac\?fﬁ@r i SERAEIE RigCeH dhre¥ Al fish with each
constgningy theitgohniguesickuding tmenfergenshdpet BOastiti dhe teakinigtie

of sggpenting éps arsialehishathisale &g&aﬂ %gﬁgﬁ%{g’gﬁgﬁstaogmm

over %&eglverlng a unlform'am.o%nt of%gﬁoustlgene gy to ea uni
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connectiondtbthe REEGERS htbr TN R G LS PRty 14 by 2
respertrite Big o Oatlisnperjis e Seymentsate electrical connections to the RF
generator, as was described previously with respect to Fig. 9. This permits the segments
25 172,176 and 178 to be driven at a different power (watts/cm?) 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 respect to Fig. 9.
30 Fig. 11 illustrates 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
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25172, 176 and 178 to be driven at a different power (watts/cm2) 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
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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 crystal with separately controllable segments shown
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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10 transmitie

25transmitting 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
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nitrrsesisidsidceticyduifyaidyaiofuonicbivitand tnesbingtions Qbhessly used
reagsels, fammaplaiseepgesnliid semgaiens are refered to as

SC-1 and SC-2. The reason an approximately equal'amount of acoustic
energy muSt FE9BIRFRI G aelY effitlcreanmhebaspustionnarevtatigpe delivered

suhstEadr initod B(@ﬂl&%&fp@{ i9ebigtpautiGate in a given time period is that the

20 effectiveness of the cleaning or chemical process varies with the amount of acoustic

25

30

energy that is transmitted into the fluid. Therefore, if different areas on the surface of a
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.
Although the present invention has been described in terms of the presently
preferred embodiments, it is to be understood that such disclosure is not to be 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 intended that the
appended claims be interpreted as covering all alterations and modifications as fall within

the true scope of the invention.
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20effectiveness of the cleaning or chemical process varies with the
amount of acoustic energy that is transmitted into the fluid. Therefore, if
different areas on the surface of a wafer receive different amounts of
acoustic energy, the degree of cleaning may vary. This is particularly tMESLLp
in cases where the chemistry of the process fluid is assisting in the
cleaniraqa%ltison. In such situations, the use of the transducer 10 is
desirable. ~ Although the present invention has been described in terms
of the preserthsdrefecredpembodiments, it is to be understood that such
diSC|osalf|1reaci<§uQ8t tgngre int%r A4S 1end ari?egrrlgitti(r)]lg' %%rié%yns alt‘er%g{g%s é}nd the acoustic
modifications will ho doubt becorne apparen?’tot 0s& skilled in the art
afteryhavingtreac thesaiboveadigtidgure e Acoondinghpitis ime ket thatthgount of
afac%%qu ee derC Iailrlq 3 bevéntﬁﬂ%’ rete?o%%ocga\(/: rll,lrrll %f@ aul}%géié)rng G d icular surface of
modifications as tafl‘within 30the true scope o the mvention. al\ﬁ&rgﬂllg
Clabmisate to beAtransducehcanopsisingiergy srhacoustitienergyigererating exists
means for generatin ustic energy, the acaustic ener enerating . .
R s B e e A e A B dpetudine o
astpistiaene byt idel given timsbhesiaduit efiebousiicofisugfafteranda atvastic energy
articular surface of a substrate to be exposed to the acoustic ene .
G4 TS o GHBRET MStiSh B Bat AR s S BLkAa kM fhehe relacive
toanrsaCaiotioa agqustic enehgypgeoakatingaoeansdnelsidindia-aesifiom a center of
feature that deljvers a variable amount of acoustic ener%){ from th

HE AL R SHI ot ARy Wi RREAPRRTHDRISSREE T P 5r B s ghundred

yalagity caldsegtky e uataiiyantO rotational motion for points on the
particular surface at increasing distance from a center of the particular

surfacé, HRORBT &HRORE gy HeAETHtHy FHEBHSOVEATfgEaE A GRemitting the
hundred Rersantpé thisdarticular surface; and a resonator attached to

the acoustic energy generating means for transmitting the acoustic energy

to the substrate. 2. The transducer of claim 1 wherein the acoustic
energy,gengrating ieeass G PR Riezesiral i erypiahand he 888i8hmprises
feature comprises a wedge shape of the piezoelectric crystal in which a .
fiRieardesith e pRPoEI8 dhifclepandr W Ge PRI s RE8 A BAREHtHS piezoelectric
@?&%iﬁ%ﬁ@cﬁrﬁsﬁk end of s B;Qfogl@@t?g:u&%ﬁf Qe\!\ﬂhér"‘fﬂﬁ{%@é@&ad end of the
acoustic energy generating means comprises an assembly comprised of

s lerioecpisitdelectric crystal segments and the design feature

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

assembly is wider than a second end of the assembly. 4. The .
transducertoftolaittendiareimtheaoudstic averdy eemey gting ae@msans comprises
com ris%

asse ? %&ile Z}%%'(?BHGN& %Ség;rgiﬁg&@cﬁ%%rg{gﬁ ?A%%tégge%l@@léhﬁm n feature
%Slgn ethure gomprlses a wedge shape of the electrode In which a ws?
endpithe eledpose s witderdisamblsecohdleadof ¢thé @ldutrsdenbly 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 second end of the

electrode.
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MCSLLP 5. The transducer of claim | wherein the resonator

comprises a. material selected from the group consisting of quartz,

sapphire, silicon carbide, silicon nitride, ceramics, aluminum and staimlggﬂp
steel. 6. The transducer of claim 1 further comprising: an
attachment layer positioned between the acoustic energy generating .
meansf”ﬂ)@lﬁ%@QQ@ép&f Qfaﬁ}lt?%g%}g L) aa%g{ 58 thre S%ggtrgtjtgneaﬁl S&¥%ed from
generating means. 7. The transducer of claim 6 wherein the
Hiearhnrerarnisiyencohyprisessapphatesdi @setedted, fsoivothe giduperamics, aluminum
81%@' Hﬂ]gsé)g _igg_:ql_ium, tin, indium alloys and tin alloys. 8 The

transducer 011 claim 6 wherein the attachment layer comprises epoxy.

9. The transducer of claim | wherein the substrate comprises a
semicopdyRof WRIRL S ciid% (B JASAUCer of claim | wherein the

acoustic energy generating means comprisesa &ezoelectrlc crystal and ,
the designtfadione Copeprises @widdgeshapeaob thecpiezgelgateatngsiabns and the
the wedde stiape comprising.a planar surface ofihe piszostectic orystal
comprised of a firstside, a second side, a narrow an i d,

with an angle separating 20the first side from the second side, and the

gpgﬁ ggftiCl%al%égﬁéég .eog%lglzeﬁ%l %C%fercer'ns% le%\‘[/‘grc esegg[) Y%grecrgrenrgriosreéeas ?naterial

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

10.  The transducer of claim 1 wherein the acoustic energy generating means
comprises a piezoelectric crystal and the design feature comprises a wedge shape of the
piezoelectric crystal, the wedge shape comprising a planar surface of the piezoelectric crystal
comprised 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 angle chosen so that the piezoelectric crystal

overlies forty percent or less of the particular surface.
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