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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

30  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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a solid cylindrically-shaped probe that is placed
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BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 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
30 ofFig. 1;
Fig. 3 is a schematic cross-sectional view of an acoustic transducer according to

the present invention;
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Fig. 1 is a side view of the acoustic transducer
according to the present invention; Fig. 2is a
cross-sectional view of the acoustic transducer taken
along the line 2-2 30 of Fig. 1; Fig. 3is a
schemati c cross-sectional view of an acoustic
transducer according to the present invention; 2 Fig
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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
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
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



Fig. 2 illustrates that the body 18 includes a cavity
32 which holds one or nore 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 30 18 by
attachnment neans 42, such as screws, bolts or other
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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 alloy. 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
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The resonator 14 has a height “k”. Generally, the height “k” is chosen so as 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.
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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



transducer 10 nust emt a variable intensity field of
acoustic energy. In general, the variable intensity
field is obtained using one of four different nethods.
In a first nethod, the crystal 24 is shaped to
deliver the variable intensity field. in a second
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contact with the metal layer 82 to complete the circuit for driving the crystal 24,
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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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a variable amount of time. Furthermore, each segment can be on or off at different times.
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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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different power levels and tines along its length in
the sane way that was described previously with
respect to Fig. 9. Fig. 10 illustrates a variation of
t he enbodi nent shown in Fig. 9 where the crystal 15
24 has a triangul ar shape 170 instead of the wedge
shape 90. The crystal 24 is divided into a pIuraIity
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30 inFigs. 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 shapes besides the wedge shape 90, rectangl es and
triangles can be used wth the radial power

transducer 10. In general, however the transducer 10
covers forty percent or less of the surface area of
t he object 103. Another paraneter that can be varied
so that the transducer 10 delivers a uniform anount
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a cleaning or process fluid to the surface of the
object and then rotating the object underneath the
transducer 10. Acoustic energy emtted fromthe
resonator 14 is io transmtted into the process fluid
and causes cleaning to occur. In alternate nethods,

the transducer 10 can be rotated and the object held
stationary, or both can be roCBABMS In practice,
different process fluids are used for different

cl eani ﬁ@ei’]ﬁ?ks. The exact conposition of many process
f1ui ds 1, A pane@ickompiisiig® t he conpani es that

manufacture the fluids, However, typical process
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P QfbStSe fnl dbieknGREIRALD WhddSheBstiatiierotatitlg, ttite av6usBCentrggnd
SC-2. The reason an 3 pr oxi mat el ne ual x{_ifz;\rmunt rgf bstrate:
ac BTeIRHRS BEADF PAY I ASUrTass g thptjoiees SucfiH Ay of thg fubstrate;
Supfgace area on a rotating substrate in a given tinme
period is that the 20 effegtiveness of the c¢leaning o
0ghem ¢ FHNERAEchEd 9 tagREinenerRY ESFERE MEtns SR SRuTTHEnS the
engsoidticleRatky toshdsubsal tted into the fluid. Therefore,
if different areas on the surface of a wafer receive
di fferent amounts of acoustic energy, the degree of

cl eani Ny TR ¥raNsAhdbr of cldih wWherelakd desustioéretylgenetatinfmeas €S
where the chem stry of the process fluid is assisting

i ncomprisesca wadae shpeaiszesiectricstysden sit uati ons, the use
1s0f the transducer 10 is desirable. 25 Although the

present invention has been described in terns of the

pr esent 3.yThepranddueer efrlaimil odiersinhesacoystic ¢nsregy genegating means

un | ' ' | fnbled 11 dge shape.

Bt o Bore R 8 b nens ol iNbve  we sape

nodi fications will-no doubt becone apparent to those

skilled,i i1 v dc6@de Lo Y&ine mean:

di scl osﬁ{&e&%&d@%ﬁ%{u&l I't }nggﬁ' r?ten%led hat t]ﬁgm °
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alterations and nodifications as fall within 30 the

true scope of the invention. 14 CLAIM5S W claim 1. A

t r ans dus.eThedmngpiuces ofelaimarwharsontbe resonatarqomiprisps A arateriplisejected

meagns for gener.ating acousti.c af d :

B S A R R s

geRRhitunrghdsamiss fed.ng adapted for delivering an

approxi mat el y uni form anount of acoustic energy to

Z’each unit of surface area on a substrate in a given
time peg. Dk tisicdrbeclsimbisntiat eonipsisingt at i ng, the
acoust! gn aettre]lghm%%t layer positioned between the acoustic energy generating means and
the resonator for attaching the resonator to the acoustic energy generating means.
7. The transducer of claim 6 wherein the attachment layer comprises a material

30 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.
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10

generating neans having a surface area that is |ess
than the surface area of the substrate; and 10 a
resonator attached to the acoustic energy generating
nmeans for transmtting the acoustic energy to the
substrate. 2. The transducer of claim1 wherein the
acoustic energy generating nmeans conprises a wedge
shaped pi ezoelectric crystal. 15 3. The transducer of
claim1l wherein the acoustic ener gener,ati ng nmegns
conpr i 2ebhe tpgsdyeer obelaimal whemin té"ci"\b%‘etq"?@f 1568 a§%’@‘ﬁ‘§ﬁi“§°’
aspgabl ed to have a wedge shape. 4. The transducer of
claim 1 wherein the acoustic energy generating neans
20 conprises a piezoelectric crystal having at |east

one el ¢t TiRARnda8Yr BEtlAmIBABRINHARSIge Bhapdd \ReoladtSbrgal

of claim1 wherein the resonator conprises a materjal .
s ePptisesa planas pyrfaecarsisng of it side ¢3c Slf&&?‘? gcurved side, with
S GRRAIE Sparitinlgi it stGte BoflQhe s8éohnll 5i8¢) ahd thé bieed siRIcAHleing the
al umnum and "stai nl ess steel. 25 6. The transducer o
c| fustiside and the seeendsilépr i si ng: an attachnent | ayer

positi oned between the acoustic energy generating
means and the resonator for attaching the resonator
to the acoustic energy generating neans. 7. The
transducer of claim®6 wherein the attachnment | ayer
conprises a material 30 selected fromthe group
consisting of indium tin, indiumalloys and tin

all oys. 8. The transducer of claim®6 wherein the
attachnment | ayer conprises epoxy. 15 9. The transducer
of claim1l wherein the substrate conprises a

sem conductor wafer. s 10. The transducer of claim2
wherei n the wedge shaped pi ezoelectric crystal
conprises a planar surface conprised of a first side,
a second side and a curved side, with an angle
separating the first side fromthe second side, and
the curved side connecting the first side and the
second side. 10 16
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