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& (57) Abstract: A transducer, system and method of constructing the same that utilizes a composite of piezoelectric pillars. In
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one embodiment, the invention is an apparatus for generating acoustic energy comprising: a plurality of pillars constructed of a
piezoelectric material, the pillars arranged in a spaced- apart manner so that spaces exist between adjacent pillars; the pillars having
a width and a height extending between a top surface and a bottom surface, wherein the height of the pillars is greater than the width
of the pillars, and the spaces filled with a resilient material so as to form a composite assembly.
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COMPOSITE TRANSDUCER APPARATUS AND SYSTEM FOR PROCESSING A
SUBSTRATE AND METHOD OF CONSTURCTING THE SAME

Cress-Reference To Related Patent Applications

j0001] The present patent application claims the benefit of United Stated Provistonal Patent
Apphication Serial No, 60/985,947 filed November 6, 2007 and United Stated Provisional
Patent Application Senal No. 61/034,142, filed March 5, 2008, the entireties of whach are

hereby incorporated by reference.
Field of the Inveniion

{0002} The present invention relates generally to an apparatus and svstem for generating
acoustic energy for the processing of substrates. such as semiconductor wafers, raw stlicon
substrates, flat panel displavs, solar panels, photomasks, discs, magnetic heads or any other
tlem that reguires a lugh level of processing precision. Specifically, the invention relates to
an acoustic generaling apparatas, or a svstem incorpoating the same, that can provide high
tevels of particle removal efficrency from substrates contabing delicate devices that

mimmizes damage to the delicate devices.
Background of the Invention

{0003} In the field of semiconductor manufacturing, it has been recognized since the
beginning of the industry that removing particles from semiconductor walers during the
manulacturing process is a erstical requirement to producing quality profitable waters. While
many dillerent systems and methods have been developed over the vears 1o remove particles
from semiconductor waters, many of these systems and nethods are undesirable because they
cause damage to the walers. Thus, the removal of particies from walers must be balanced
against the amount of damage caused to the wafers by the cleaning method and/or system, 1t
18 therefore desirable for a cleaning method or system to be able to break particles free from
the delicate semiconductor waler without resulting in damage 1o the devige siructure.

{0004} Existing technigues for freemyg the particles from the surface of a senuconductor
wafer ulilize a combination of chemical and mechanical processes. One tvpical cleaning
chenusiry used in the art is standard clean 1 {7SC17), which is a mixture of ammonium
hvdroxide, hydrogen peroxade, and water. SC1 oxidizes and elches the surface of the water,
This etching process, known as undercutting, reduces the physical contact area to which the
particle binds 1o the surface. thus facililating removal. However, a mechanical process is siull

required 1o actually remove the particle from the wafer surface.
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{0005] For larger particles and for larger devices, scrubbers have been used to physically
brash the particle off the surface of the wafer. However, as device sizes shrank m size,
scrubbers and other forms of phyvsical cleaners became inadeguate because their physical
contact with the walers cause catastrophic dansage o simaller devices.

j1006] The application of acoustic energy dusing wet processing has gained widespread
acceptance o effectuate particle removal, especially to clean sab-micron particles ofl waters
{or plates)undergomng fabrication in the senuconductor process line. The acoustic energy
used in substrate processing is generated via a source of acoustic energy. Tyvpicatly, this
source of sonie energy comypnises a transducer which 1s made of preroelecinie matenal, such
as a ceramic or crystal. In operation, the transducer is coupled to a source of electrical
energy. An electrical energy signal (i.e. electncity) is supplied {0 the transducer. The
transducer converts this electrical energy signal into vibrational mechanical energy {i.e
acoustic energy ) which is then transmutted to the substrates being processed. The
trangnussion of the acoustic energy from the transducer to the substrates 13 typcally
accomplished by a fluid that acoustically couples the transducer to the subsirate. It is also
tvpical that a matenal capabale of acoustic energy transmission be posttioned between the
transducer itself and the fluid coupling laver to avoid "shorting” of the electrical contacts on
the piezoelectric matenial, This fransmitiing material can take on a wide variety of structural
arrangements, mciuding a thin layver, a ngid plate, a rod-like probe, a lens, etc. The
transmatiing material 13 usuatly produced of a material that 1s mert with respect to the fwd
coupling laver to avoid contanunation of the substarte.

{0087] The applaation of acoustic energy to substrates has proven to be a very effective way
to remove particles and to improve the efficiency of other process steps, but as with any
mechantcal process, damage to the substarates and devices thereon s still possible. Thus,
acoustic cleaning ol substrates 15 faced with the same damage i1ssues as tradutional physical
cleaning.

j008] The acoustice eneryy generated by existing transducer assemblies is often energetic
enough to cause some of the fragile structures that make up the electrical circuit to be
damaged (1.e., removed or partially removed causing the cirawt to no longer funchion).
Through long-lterm study of existing transducer assemblies and the associated acoustic
properties, the curvent inventors have deternined that a myniad of problems exist both with
the structure of the prezoctectire matenal and the direction and onentation of the acoustice

waves propogated by existing tranducer assemblies.

b
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Summary of the Invention

0009} 1t is therefore an object of the present invention to provide a system and method of
cleaning substrates using SOnIC energy.

{0010} Another object of the present invention is to provide a system and method of
processing substrates using sonic enargy that reduces damage to devices on the substrates,
{0011} Stll another object of the present mvention is to provide a system and method of
cleaning substrates using sonic energy that reduces damage to devices on the substrates while
achieving suitable particle removal efficiency.

{0012} Yet another object of the present invention 1s {0 provide a svsiem and method of
processing sebstrates using some energy that controls cavitation within the processing fhad.
{0013} A vet lurther object of the present invertion 13 o provide a systent and method for
processign substirates that results in less energy toss between the transducer and the substrate
to be processed.

{0014} Another object of the present invention s to provide a svstem and method for
processing subsirates that results in a meore uniform energv distribution on the surface of the
substrate,

{0015} This invention is of an acoustic generation device formed using ceramic plezoelectiic
niatenial fonmed into a radial section and segmented such that it is composed of individual
acoustic generating pillars that can be interconnected to generate an acoustic wave that
afficiently and precisely couples mio a fhad acoustic transmission media applied to etther the
front and for the back of a waler. The radial natare of the piezoetectne element is designed so
that the acoustic energy 18 divected inte the acoustical transnussion flurd and on to the waler
{or plate} surface and reflects away from the generating source, suppressing standing waves
which contain nodes of verv high energy and very low energy. The high energy regions can
lead to structre damage and the Tow energy regions can lead to reduced removal of particles
. Both these conditions are unwanted in the use of these transducers.

{0016} In one aspect, the invention can be an apparatus for generating acoustic energy
comprising: a plurality of pillars constructed of a piezoelectric material, the pillars arranged
n a spaced-apart manner so that spaces exist between adjacent pillars; the pillars having a
width and a height extending between a top surface and a bottom surface, wherein the height
of the piliars 13 greatar than the width of the pilars; and the spaces filled with a restiend

material 50 as to form a composite assembly.
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{0017] in another aspect, the invention is an apparatus for processing articles with acousiic
engrgy comprising: a transducer assembly comprising: a transmitting structure having a
concave mner surface and a convex outer surface; a first transducer having a convex bottom
surface bonded to the concave inner surlace of the trasnuiting structure; a second transducer
having a convex bottom surface bonded 1o the concave inner surface of the trasmitting
structure, the second active transducer spaced from the fivst active transducer so that a non-
active acoustic energy area exists on the fransmitling structure between the first and second
transducers.

{0018} In vet another aspect, the invention is a method of constructing a device for
genergling acoustic energy compnising: providing a laver of supporting material; positicing a
plezoelectric material atop the laver of adhesive material, cutting the prezolectric material
wio a pluratity of pillars so that spaces exist between adjacent piilars; and fHiling the spaces
with a vesthient material to form a composite assembly.

{0019] In a further aspect, the invention can be a method of processing an atticle comprising:
supporting an article on a support; providing a transducer assambiy comprising a fransmitiing
stracture having a conecave mner surface and a convex outer surface: a figst transducer having
a convex bottom surface bonded to the concave inner surface of the trasmitting strocture; a
second fransducer having a convex bottom surface bonded to the concave inner surface of the
frasmitting structure, the second active transducer spaced from the first active fransducer so
that a non-active acoustic enargy ared exists on the wansnuiting structure between the first
and second transducers; positoning the trasnduocer assembly adjacent o a surface of the
article on the support and i an onientation wherein the non-active acoustic area of the
fransmitting stractare faces the swface of the article; applving fluid to the surface of the
article so that the convex botiom surface of the transmitting structure is udly coupled to the
surface of the anticle; and activating the first and/or second transducers, thereby generating
scoustic are propagated at the surface of the article at a non-normal angle that results in

refelected acoustic waves travelling away from the transducer assembly.
Brief Description of the Drawings

{0020} Figure 1 15 a schematic of a prior art transducer.

{0021] Figore 2 is a schematic ilustrating an acounstic wave generated by the prior art
tranducer of FIG. 1 having nodes and antinodes.

0022} Figure 3A is a top view of an arvay of prezoelectnic pillars supported on a wax bagse

and used to create a fransducer according to one emboidment of the present invention.
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{0023} Pigure 313 is o side view of the array of pierzoeleciric pilars of FIG. 3A.

{0024} Figure 3C 18 a perspective view of the array of piezoelectric pillars of FIG. 3A
0028 Figure 3D 15 a side view of the array of piezoelectric pillars of FIG. 3A with the
spaces between pillars filled with a resilient matenal, according to one emboidment of the
present invention.

{0026} Figure 3E is a side view of a composite assembly comprising the piezoelectric pillars
with the spaces between pillars filled with a resilient matenial as shown in FIG 3D, wherein
the wax base has been removed, according to one emboidment of the present invention.
0027} Figure 3F is a side view of & transducer icorpoarting the composite assembly of FIG.
3E according to one embodiment of the present invention, wherein a transnutting material is
bonded to the bottom electrode.

[I028] Figure 4A 15 a schematic representation of the fransducer of FIG. 3F wherein the

generating gcouslic energy waves,

b

slectrodes are energized so that the individual pillars are
according to one embodiment of the present invention.
{00291 Figure 4B is a schematic representation of the transducer of FIG. 3F wherein the
electrodes are energized so that the individual acoustic enargy waves of the pillars effectively
combine to forrm a plane wave profile, according to one ambodiement of the present
mvention,

H030] Figure 5 1s a side view of a composite transducer according to one embodiment of the
present invention wherein an impedance matching faver has been added.

10031] Figore 6 is a cross-sectional stde view of a corved composite tramsducer according to
one enmbodiment of the present mvention.

[0032] Figure 7 is a parspective view of an acoustic processing svstem according to one
emodiment of the present invention.

0033] Figure 8 15 a cross-sectional view of the transducer assembly of the acoustic
processing svstem of Figure 7 along perspective VIH-VEHIL

10034] Figure 9 15 a diagram of the tranducer assembly of FIG. 8 showing one set of
preferred dimensions.

{0033} Figure 10 is a perspective view of an acoustic processing svstem according 1o &
secot] emodiment of the present invention wherain a small compostie transducer assembly is
movead across the surface of a wafer by a support rod.

10036} Figure 11 1s a perspective view of an acoustic processing svstem according 1o a third
emodimertt of the present invention wherein a composite transducer assembly extends acroos

the entire diameter of g wafer,
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{0037} Pigure 12 s a perspective view of the acoustic processing system of FIG. 11
processing a rectanguolar panel.

[0038] Figure 13 15 an ilustration of dilferent shapes i which a curved composite trasnducer
according to the present mvention can be constructed.

{1039 Fieure 14 15 a graph companing acoustic levels generated at varotous distances along a
wafer for a transducer assembly according to the present iovention and three prior art

transducer configurations.
Detailed Description of the Prawings

[0040] Refermyg to FIG. 1. a typical prior art transdocer 1 used in existing acoustic processing
systems is tHustarted. While the exact shape and orentation of the prior art transducer 1 used
m the industry varies, all known prior art transducers 1 are large Hat plate structures. 1t has
been discovered that these prior art ransducers 1 have an issue i that when they are driven
with electrodes 2, 3 on opposite sides the plate and the piczoelectric material 4 15 set into
oscillation by its inherent preroelectric effect, the resulting oscillations tend to be multi-nodal
depending on the exact shape of the flat plate structure. As can be seen in FIG. 2, this in
effect launches a complicated acoustic wave 8. This acoustic wave 3 has a non uniform
eneryy pattem

{0041} In addition. if the transducer T is positioned so that s maygor surfaces are paraliel to a
substarte {0 be processed (1., the acoustic wave § propogates in a direction perpendicular 1o
the surface of the substarte). the acoustic wave 8 reflects off the surface of the wafer and
retums toward the transducer 1. This creates a standing wave. In fact, the standing wave
problem has been discovered fo exist even n transducer arrangements where the acousie
energy wave is transmitted paratle! to the surface of the wafer but has a radial conyponent that
is normal 1o the wafer.

0042} A standing wave consists of nodes and antinodes and therefore in terms of energy,
subjects the wafer to localized areas of high and low energy points. The wave returning to
the transducer 1 dissipates heat into the transducer ¥ and consequently requires some form of
cooling, erther hquid and/or gas. Without cooling, some of the components associated with
the construction can be quickly degraded. The impedance of a typical ceramic oy orvstal
prevoelectric material also changes as a function of temperature. It the temperature changes
from the temperature at which 1t was maiched to the power supply (fixed match to 30 ohm

load} the piezeelectric material dissipates additional energy in the material as heat. Thig

i
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furthes heats the transducer 1 cavsing still more changes in impedance. Left uncheckead, this
will lead to falure of the transducer L

[0043] Referning now to FEGS. 3A-3F, a composite transducer 106 and its construction at
according to one emboidment of the pressent inevntion will be decribed. To begin, a tvpical
flat stock piece of a piezoeleciric material is provided (not shown). The piezoelectric
material can be a ceramie, crystal or any other materal capable of converting electneal
enargy to mechanical energy. The flat stock piece of piezoeleciric material 15 then placed on
a wax base 10 or other supporting material, such as an adhestve. In soe emboidment, the
supporting material may be an electrode {discussed later). The supporting material can be
any material or structure capable of perfornung the supporting function described below,
j0044] Refernng now to FIGS. 3A-3C exclusively, once the flat stock piezoeleciric material
is placed on the wax base 10, the pieroelectnic matenial s out wio pieces m both x and v
planes, thereby forming an arvay of pillars 20 of the pieroelectric matertal. Duning the
cutting process the saw preferably cuts ondy through the flat stock piezoelectnic matenal, and
not the wax base 0. The wax base 10 holds the piliars 20 in place in their spaced apat and
genarally upright orientation. A plurality of mtersecting channels are formed between the
pitiars 20 thereby providing spaces 30 between adjacent pillars 280 Whale the pillars 20 are
i an euqally spaced-apart array configuation in the tlustarted embordment, other
configurations and geometric patterns can be achieved. Moreover, if desired, the pitlars 20
can take on other geometric shapes, mcluding cvhindical, radial segemut, eve. In order o
avoid clutter, only a few of the pillars 28 and spaces 30 are mumerically identified in the
drawings.

{0045] Each of the pillars 20 has a height H defined by the distance between its bottom
surface 21 and its {op surface 22, Fach of the pllars also has a wadth W, 1t s preferable that
the height H of the pillars 20 be greatern than the width W. It is even more prefered that the
height H be twice the widih W or greater. It is also preferred that pillar width W and the
width of spaces 30 be approximately equal, or at the very least of the same magntude. In
other ernbodiments, 1 may be preferred that the width of the spaces 3¢ be smaller than the
width W of the pillars 26

{0046} Moreover, from a functionality standpoint, it is also preferred that the width W of the
pillars 20 and the width of the spaces 30 be less than a wavelength of the acoustic energy
waves (0 be generated by the composite transducer 100, For the exanple, for a pillar 20
operating at a 1MHz frequency, the preferred dimensions are that the height H of the piliar 20

be approxiniately 1.6mm, the width W of the milar 20 be approximately 0 8mm or less, and
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thw width of the surrounding spaces 36 be less than or egual to 0 8mm in the active argas. In
other embodiments which are descnibed later, 3t may be desirable to have not acoustically
active areas. There are vartous means to create active and non-active acoustical generating
areas described later,

j10471 Refernng now to FI(G 3D, once the pillars 20 are created, the spaces 30 are backlilled
with a curable filler 40, In one emboidment. the curabel filler is preferably a resthent
material 40. Other examples of curable fillers include elastomers and epoxies. Once the
filler 40 cures, the wax base 10 s removed, thereby resulting i a composite assembly 50
formed by the pillars 26 of prezeelectric elements separated by the filler 40. The composite
assembly is shown in FIG. 3E.

{0048 Refernng now to FIG. 3E. the composiie assembly 80 comprises a boitom surface 81
and a top surface 532, As will be describe din detail below, the composite assembly 50 can be
formed or later shaped so as have curvature.

{0049] Referring now to FIG. 3F, once the composite assembly 50 15 in the desired shape
{which is flat in the ilustarted embodiment}, an electrically conductive material is applied to
the bottom and 1op surfaces 51, 532 of the composite asembly 30, thereby formung elecirodes
61,62 As aresult, a transducer 100 according to one emboidment of the present invention is
formed. The electrcially conductive material used to form the elecirodes 61,62 canbea
metal, such as sitver, an electnically conductive epoxy, or any material that can conduct an
alectric current o excile the prezoelecine piliars 20,

H0050] As will described 1 gerater detail below, in certain situations it may be destrable to
only energize a certain one ot subsets ol the piezoelectric pillars 20, Thus, while the
electreodes 61, 62 are shown as bemng applied (o entigety of the bottom and top surfaces 81,
32 of the composite assembly S8, in other emboidments the clectrodes 61, 62 may cover only
selected areas that are electrically 1soltaed from one another {as shown in the embodiment of
FIG. 0).

[I05 1] When the transduces 100 15 to be used i comjunction with the wet processing of
articles, it may be desiable to shield the transducer 30 (and 1ts electrodes) from the
processing liquid so as to avoid shorting and/or contanunation of the processing fhad. This
can be achieved by bonding a ransmutiing structure 70 (generically lustraried) to the
transducer 180, As iHustrated in FIG. 3F, the transnuiting structure 70 18 bonded divectly to
the transducer 100, The transnuiting structure 7€ can be constructed of & wide varerty of
niaterials, shapes and dimensions. Depending on the intended fuction, the transmitting

structure can be a nigid structure or a thin film or foil. Suitable matenals for the transmitting

.8
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stracture 70 include polvmers, quartz, sapphire, boron mitride vitreous carbide, stainless steel,
or any other material that can effectively transmit acoustic energy to facihitate the mitended
processing,

JO0S21 In one emboidiment, it may be preferred that the transmitting structure 70 be a
polymer film. Suitable polymers include materials tike Halar (ECTFE), Polyvinvlidene
Fluoride (PVDF), Polvsulfone or other polymers. The thickness of the polymer film can
preferably range from 6.1 mul 1o 18 mul, and more preferably range from { mil to 3 mil.
These polymer filims may be freated chemically or other wise manufactured to tmpyove the
surface characteristics of the material to provide a low surface tension toward the processing
had.

[0053] Refernng now to FIG. 4A, a schematic representation of the transducer 100 energized
50 a3 10 generate acoustic enargy. Electrictly is supplied 1o the electrodes 61, 62 by wires that
are operably comnecied to a source of electricity.  The electricity 1s converted by each of the
prezoelectric piilars 24 into mdependent acoustic waves 88, As can be seen, the pillars 20 act
as independent pistons, each generating its own independent acousiic wave 80 mn a direction
that 15 substantially paraliel to its height B

{0054} However, as can be seen i FIG. 48, the summary effect of the acoushc waves 80 1s
the launching of a plane wave that is free of nodes of anti-nodes, As the pillars 20 extend in
their axtal direction {i.e., vertically along their height H} by the piezoelectric effect, the
pitlars 20 contract by Potsson’s ratio in the lateral divect (.e., horisontally along their width
W) Simifardy, when the pillars 20 contract in thewr axial direction by the preroclectnic effect,
the pillars 20 expand by Poissont’s ratio in the lateral direct. However since the spaces 36 are
fifled with a resilient material, any waves generated in the lateral direction are greatly
dampenad or suppressed. This m effect launches the plane wave from the surface of the
transducer 106,

J0055] As mentioned above, the piltars 20 can be enerwzed independently or grouped in
subsets 10 create scoustically active areas and acoustically mactive areas. Pillars 20 that have
no opposing electrodes or do not have thier electrodes energived, do not have the
prexoelectric effect and do not launch an acoustic wave, Thus the extent of the acoustically
active area can be tatored to the precise siuation deswed. In addition, f areas of the
fransducer 108 {or assmebly in which the device is 1o be used) are not required to be
acoustically active, these sections can have the piezoelectsic piflars 20 removed from the

composite and filled with a resthent matertal or left as a vaad.
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{0036} Refernng now to FIG. 3, an emboidment of the uwansducer 190 1s ilustared wherein a
matching laver 75 is added between the transmutiing structure 78 and the elecirode.
Thematching laver7S (or favers) are preferably chosen (o act as ropedance matching layvers o
reduce energy loss during transmission of acoustic energy to the processing thud. In other
words, the matching laver (78) 15 designed acoustically so that the acoustic wave is efficiently
coupled wnto the fransoussion flind and not rellected at the interface. As an example, a 14
wave eposy matching laver {Approsimately £.0297) and & very thin polvmer (Halar film)
which is acoustical transparent can be used as the matching laver 78 and the transmifting
structure 78 respectively. In design varations, as the external polvmer film thickness s
mcreased and 1s seen as part of the acoustical favers; then the polvmer film is included as a
matching laver and alf laver thickness and propesties are adjusted to efficiently transfer the
acoustical energy from the plecoelectric pitlars 20 to the processing fhad

00387} Refemring now to FIG. 6. a transducer 100 having a radies of curvature 1s iltustarted
according to one embodimet of the present invention. In certain processing apphications of
articles, it may be desirable for the trasnducer 100 o take a curved shape to effectuate
acoustic enargy control and flaid coupling to the article.

{0058 The corved transducer 100 of FIG. 6 can be formed by either forming the composite
assembiy 50 to have a radius of curvature during the the setps discussed above or
manipulating the composite assembly 50 subsequent 1o being formed in a flat shape. The
alectrodes 61, 62 and the transoutiing structure 70 (and any maiching lavers) can be bonded
to the composite assermbly SO belore or after the curvatore s formed. In Figure 6, these
materials were bonded prior to fornung the curvature. As an alternate order of construction,
the composite assembl 50 alone can be formed mn a curved form and then the electrodes 61,
62 and transmitting structure 70 (and impedance matching lavers if anv} can be bonded
later steps. The transmoitter structure 78 1s typically included after the curvature fornung
process and in the next steps of assembly.

[I089] The transnutiing structure 70 comprises a convex outer surface 71 and a concave
wner surface 720 The transducer 1001 bonded o the concave inner surface 71, As can be
seen, the top electrodes 62 are applied as two isoltaed regions on the top surface of the
conposite assmebly 80, Thus, when the {rasnducer 15 energtzed by applying an elecirical
signal 1o the electrodes 61, 62, only those pillars 20 coverad by the alectrodes 62 will
generate acoustic energy, thereby resulting in two separate acoustically active regions A, B,
Because the central region of the composite assembly 50 does not receive an electric signal as

a result of there being no electrode 62 n that region, the pitlars 20 in that region do not

~ -
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genarate acousic eneryy, thereby resulting i an acoustically mactive area €. The
acoustically active regions A, B are aircamferantially separated by the acoustically inactive
area €.

{0060] The pattern of the electrodes 61, 62 to create the active piezoslectric milars 20 can be
vasied to change the acoustical energy patiem to any desired configuration. Reduced
clectrode pattern area can also reduce the effective acoustical strength in a given avea. In
addition, areas of the composite assembly 50 where no acoustical energy is required may be
made inactive by not onv omititing electrodes in that area, but also mav have electrodes that
do pot receive power, or these areas can have the composite assembly 50 removed andfor
lefia s vord or replaced with a resilient material. In altemate embodiments, the mezoelectric
pillars 20 can be grouped, and each group would have its own electrode{s) 61, 62 and
power/control wire. This would allow each group of pillars 20 to be controlied independently
by an outside controller. This allows for each group of pillars to have its own power level,
operating frequency, on/oll ¢vele time. In other ernbodiments, the outer elecirode can be
divided mnto multiple regions.  Each elecirode would have its own power/controf wire, This
1% an alternate method to controf the aclive region(s) of the device,

{0061] Referring now to FIG. 7, a megasonic system 1000 for processing a flat article 400 i
iltustarted. The megasonic system 1060 corprises a rotary suppert (not visible) upon which
the artcile 15 supported in a generallv horizontal orienattion and rotated. The megasonic
svsiem 1000 also compnses a transducer assembly 200 that is positioned adjacent {0 and
opposing an upper surface 401 of the arteile 400, The trasnducer assembly 200 15 supported
n a cantlevered fashion by the support mechanism, genertcally tlustarted at block 2100 If
desired, the support mechanism can be capable of translational and/or pivotal movement.
The transducer assembly 200 is supported sufficiently close to the surface 401 of the article
so that when (he dispenser 300 applies a hquid to the surface of the waler, a liguid film of the
hquid couples the trasnducer assembly 200 to the surface 481 so that acoustic energy
generated by the transducer assembly 200 can be {ransmitted to the article 4006, The general
concept of such single-article acoustic-assisted processing systems are known 1 the art and
disclosed m such patents &t ULS. Patent 6,684 891, to Mario Bran, the entirety of which 13
meorporated by reference.

{0062} The wrasnducer agsembly 200 is supported substantiadly paralie to the sigface 461 of
the artcile 400, While the trasnducer assembly 200 is Hustarted as an elongated rod-hke
probe, the imvention 18 not so hnuted, 1 s to be understood that the tranducer assembly can

take on a wide variety of shapes, ortentations, and structural arrangements.

<1 -
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[0063] Refernng now to FIG. 8, a cross-sectional view of the transducer assembly 200 15
iltustrated. The transducer assembly 200 mcorpoates the curved fransducer deseribed in FIG.
& above except that a impedance nwatching layer 73 has been incorpoated and the transnutiing
structurg 78 is in the shape of a tubular slement. In this emboidment, the fransmitting
structure 78 s a protective polymer film extended over a supporting stracture 99 that plavs no
role acoustically in the device, but supplies rigidity and stroctural integrity. In an alternative
embeoidment, the transmifiing structure 70 can be construcied of a matenal andéor thicknes
that 1y sufficiently rigid to provide the necessary stroctural integrity for supporting. For
example, the trasnmtiing structure 70 can be constracted of quartz, sapphire, fused sthea, or
other materials that are inert 1o the chemicals andfor Hquid used. in the processes.

j0064] The transmitting structure 78 is the form of a evlindrical tube and comprises an outer
surface 71 and mner sweface 72, Of course, the transmitting structure 70 can take other
curved embodienmts, such as alens, a curved plate, a par-evlindrical trough, etc.

{0065} Electrical wires 63, 64 are operably comnected to the electrodes 61, 62 and routed
through the tansducer assembly 208 to the outside where they are conneciad to g source of
an electircal signal. The sowrce of alectrictly provides an electical signal that drives the
piezoelectric pillars 20 located in the active areas A, B of the composite tranducer 100 to
geenrate waves 80 of acoustic energy. Preferably, the wave 80 of acoustic energy have a
frequency that is in the megasonic range. and more preferably between 300KHz and SMHz,
j1066] The composite trasnducer 190 1s bonded 10 the mnner sawface 71 of the transoutting
steurture 7 at the bottom circumferential priion so that the waves 80 of acoustice energy
generated by the acoustically active sections A, B of the composite transducer 180 are
transmitied into the laver of higuid 310 on the article surface 401, Through a combination of
the rotational onendation of the transducer assembly 200 and the circumferential spacing
between the acoustically active sections A, B of the piezoelectric pillars 20, the plane waves
80 of acoustic energy are transnutied through the hquid layer 310 to the surface 401 of the
article 4060 at an angle so that the waves $0 do not reflect back mto the transducer assembily
200. Instead, the waves 80 reflect off the arficle 480 and angle harmlessly away from the
tranducer assembly 200,

{0067} In other words, by having only those pitlars 20 on the two upper edges electircally
active, acoustic waves launched from these pillars 20 do not reflect back to the transduces
100, thereby suppressing standing waves. The pillars 20 that wouold generate a standing wave

{those in acoustically inactive region €} are not electrically connected with electrodes.
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{0068] The transmutting structure 70 forms an wlernal cavity 95, may be left as a void filled
with arr or another gas, or optionally may be [illed with a dampemng material which dampens
acoustic energy that may be applied to the backside of the transducer 100 mside of this
gonstruction. The presence of a dampening material suppresses any undesirable acoustical
energy. The transouifing structure 70 s sealed such that the liquid 319 cannot breach the
cavity 95 and the material inside of the cavity 98 cannot get outside o contarninate the liguid
310 and potentialiv the article, which may be a semuconductor wafer or solar panel having
deleciate structures.

{0069} 1t mav also be desirable to have the outer surface of the transmitting structure 79
treated or altered to have a low surface tension toward the transnussion liquid 316 so at least
partial wetting eccuws. Air pockets, bubbles or voids will cause reflections of acoustical
energy back to the transducer,

{0070] Referring to FIGS. 7 and 8 concurrently, a method of c-ieaan. semiconductor wafer
£

400 using the system 1{ 12 Jill be described. First, a semiconduy afer 4040 15 positioned
on the rotaiable support w 1&&W‘ted i a generallwlorizontal ontenttaion. The wafer

t

P o spensed via the

400 is the ated, as indicated by the afn{i% A hguid medium 31
dispenset bwo! Ofte~-thg top surface 401 ol the waler 400. The

quid can be any chemical,

solution or the like used in processing wafers, such syetas DY water, SC1, SC2 ozonoated ™

water, etc.

in

o34 The transducer zmw{hly 200 15 pleed adjacent the Swgface 481 of the wafer so

13

} and the gwlace

e @ Sal] gap exists ben\;m/me bottom of the transmuitng s?m ‘
401 of the wafer 400, The trasnducer assembly is just larger thdb a radius of #e wafer 400,

For ex#®uple, for a 300 mm stheon walers, the transducer assembly 200 would be rod like

14 m long rod with 150mm of active acoustical fength.

100721 As the waler 400 rotates, the liquid 310 supplied to the surface 401 forms a laver of
hiquid 310 that fluidly couples the ransducer assembly 200 to the water 400. Electricity is
then suppliad via the wires, 63, 64 10 excite the piflars 20 in the aclive regions A, B, thereby
geenrating acoustic energy waves 80 at the desired frequency and power fevel. The waves 80
of acoustic energy are then transmitted outward through the trasnducer assembly 200 in an
angled ammnner and enter the higand taver 310, eventually contacting the water surface 401
Rotating the water 400 on the chuck beneath the trasnducer assembly 200 provides complate
acoustic coverage of the surface 401, The acoustic energy waves 80 dislodge particles from

the wafer surface 401, thereby effectuating cleaning,
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[0073] As shown mn FIG. 9, the acoustically active areas A, B are spearated by an
acoustically inactive area € of at least 45 degrees or more. This ensures that the waves 80
do not reflect abek into the transducer assembly 208, OF course, the size of the mactive area
€ will be dictated by the curvature of the structure and other characteristics. Furthermore,
while the inner and owler surfaces 71, 72 of the transoutiing structure 70 are shown as curved
surfaces, it 1s possible that the angled wave apphceation technique of the present mvention can
be accomplished by using planar surfaces that are angled to one another. Thus, the terms
curved, convey, and concave are intended to cover embodiuments wherein planar sugface are
agulalary oriented with respect 1o one another to acheisy the same effect.

[0074] Refernng now to FIG. 10, a second embodinment of a svstem 2000 according to the
present invention is iHustrated. 1o this emboidiment, the composite transducer assembly 200
1s a short segment of the transducer assembly of the first sysiem 1000, This shovt segment
transducer 200 15 is attached 1o a support avm 90 that traverses the rotating chuck in a radsal
manner. The radial scan can be progranued to accowunt for the area of the wafer increasing
as the transducer moves foward the outer edge. The acoustical transmission meadia 310 would
be dispensed onto the waler suwface 401 as sat forth above to achieve the fud coupling. The
acoustical device 200 would be rod bike 24mm long with 20mm of active acoustical length.
[0075] Referring now to FIGS. 11-12, a third embodiment of a system 3008 according to (he
present invention is diustarted processing articles of different shape. In this embomdment. the
composite ransducer 200 15 a full diameter {or width) of the object 400 10 be treated. The
transdocer 200 could be held in place and the object (waler, plate etc ) could be lineasty
scanned beneath the transducer 200, The acoustical fransnussion media would be dispensed
onto the wates/plate surface.

{0076} In each instance the desired goal 18 to suppress structoere damage from the acoustic
energy apphed to the surlace, vet having suflicient energy to remove particles. Using
coinposite prezoeleciric material, itis also possible to make a transducer that i1s made up of
many segments {extending the composite pattern) o that the length can be anv dimension
prinaipal. Furthermore, the general shape is not required to be a round rod, altersative
variations in the shape of the device can enhance the characteristics of the device, as shown
in FIG. 13.

{0077} The foregomy description of the preferred embodiment of the inveniion has been
presented for the purpose of Hlustration and deseription. 1t is not intended to be exhaustive or

1o hmit the invention to the precise form disclosed. Many mwodilications and vartations are
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possible in hight of the above teaching. 1 is mntended that the scope of the mvendion be

fimited not by this detailed description, but rather by the claims appended bereto.

)
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Claims
What is claimed is:
1. An apparatos for generating acoustic snergy comprising:

a pluralitv of pillars constructed of a ptexoelectric material, the pillars arranged in a

spaced-apart manner so that spaces exast between adjacent piflars;

the pillars having a width and 4 height extending between a top surface and a bottom

surface, wherein the height of the pillars is greater than the width of the pilfars; and
the spaces filled with a resilient material so as to form a corpostte assembly.

2. The apparatus of claim 1 wherein the spaces between adjacent pillars and the width of the

pillars are substantially equal.

B

3. The apparatus of claim 1 wherain the height of the pillars is at least twice the width of the

pitlars.

4. The apparatus of clavm | wherein the height of the pillars is about twice the width of the

pillars.
5. The apparatus of claim { further comprising:
a first electrode on the bottom surface of the mitlars;
a second electrode on the top surface of the pillars: and

a source of electricity operably coupled to the fivst and second eletcrodes so that each

one of the pillars generate an acoustic wave from the bottom surface.

6, The apparatus of claim 1 wherein the spaces between adjacent pillars and the width of the

pillars are of the same magnitude.
7. The appasatus of claim 1 fiwther comprising:
a first electrode on the bottom surface of the pillars;

asecond electrode on the top surface of the pillars;

~ I~
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asource of electricity operably coupled to the first and second eletcrodes so that each
one of the pillars generate an acoustic wave having a frequency and a wavelength from the

bottom sigface; and

wherein the width of the pllars and the spacing between adjacent pitlars is less than

the wavelength of the acoustic wave,

8. The apparatus of claim 7 wherein the frequency of the acoustic wave is in the megasonic

range.
9. The apparatus of claim | further comprising:
electrodes on the top and bottom surfaces of the array of pilfars;
a source of electneity operably coupled to the eletcrodes; and

the electrodes arranged v a manner that altows either individual pillars or subsets of

the plurality of the pillars 1o be operated independently to generate 1solated acoustic waves.

10. The apparatus of clinm § wherein the bottom surfaces of the pillars have a radius of

curvature.

11. The apparatus of claim 1 further comprising:
a first electrode on the botiom surface of the pidlars;
a second electrode on the top surface of the piflars:

a source of electriciiv operably coupled 1o the first and second electrodes and adapted
so that each one of the pillars generate an mdependent acoustic wave in a manner such that

the indpendent acoustic waves together act as a plane wave.

12. The apparatus of claim 1 further comprising a transoatier material bonded to a bottom

surface of the composite assembly.
3. The apparatus of claim12 wherein the transmutter material is a polymer film

14, The apparatus of claim 12 further comprising an impedance matching laver between the

transmiter material and the bottom surface of the composite assembly,
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13. The apparatus of claim 14 wherein the inpedance matching laver is an epoxy.

16. The apparatus of claim 1 wherein the composiie assembly has a botlom surface having a

radius of curvature.

17. The apparatus of claim 16 further comprising a transnatier material bonded 1o a bottom
surface of the composite assembly and an inpedance matching laver between the transnuter

material and the bottom surface of the composite assembly.

18. The apparatus of clanm 16 wherain an outer surface of the fransmitier material which
comes into contact with a coupling [Twid 1s treated to decrease surface tension toward the

couphing fluid.
12, The apparatus of claim | further comprising:

the composite assembly having a bottom surface having a convex radius of curvature

and a top surface;

electrodes operably connected 1o the top and bottom surfaces of the composite

assembly; and

a transutting structure having a convex outer surface and a convex inner surface, the
composite assembly incuding the electrodes bonded to the concave inner surface of the

transmitting structure,

20, The apparatsu of claim 19 wherein the composite assembly is located within an enclosed

space.

21, The apparatus of claim 20 wherain the enclosed space 1s filled with an acopustic

dampening material,

22, The apparatus of claim 19 wherein the transmitter structure is a hollow rod-like stracture.
23, An apparatus for processing articles with acoustic energy comprising:
a transducer assembly compnsing
a transnuiting structure having a concave mner swrface and a convex
outer swface;
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a first transducer having a convex bottom surface bonded to the

CONCave mner swrface of the trasmtiing structure;

a second transducer having a convex bottom surface bonded to the

concave inner surface of the trasmutiing structure, the second active

transducer spaced from the first active transducer so that a nor-active
acoustic energy area exists on the transmmtting structure batween the first and

second transducers.

24, The apparatus of claim 23 wherein the first and second transducer are spaced from one

another by at least 435 degrees of the concave inner surfsce.
25. The appataus of claum 23 further comprising:
a support for supporting an article 10 be processed;
a condut for applyving a fluid o a sweface of the article;

the transducer assembly posttioned adjacent 1o and opposing the surface of the article
so when the fhud is applied to the surface of the article by the conduit, the convex bottom

surface of the transmutting sturchure is fluidly coupled to the surface of the article; and

the transducer assembly onented so that the non-active acoustic area of the

transmitiing structure faces the suwelface of the anticle,
26, 'The apparatus of claim 25 wherein the support is a rotatble support.
27. The apparatus of claim 25 wherein the support is a translational motion support,

28. The apparatus of claim 25 wherein the transducer assembly 1s onented so that acoustic
waves generated by the first and second transducers are propagated at the surface of the
article at a non-normat angle that results in refelected acoustic waves travelling awav from

the transducer assembly.

2%, The apparatus of claim 23 wherein each of the first and second transducers are formed by
a composiie assembly conypuising a plurality of pillars constructed of a pieroelectnic matesial,
the pillars arranged in a spaced-apart manner so that spaces exist between adjacent pillars: the

pillars having a width and a height extending between a top surface and a bottom surface,

S
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wherein the height of the pillars is greater than the width of the pillars; and the spaces filled

with a resilient material so as to form a composite assembly.

30. A method of constructing a device for generating acoustic energy comprising:

providing a layer of supporting material;

positioning a piezoelectric material atop the layer of adhesive material;

cutting the piezoelectric material into a plurality of pillars so that spaces exist between
adjacent pillars; and

filling the spaces with a resilient material to form a composite assembly.

31. The method of claim 30 wherein the pillars have a width and a height, the height being
greater than the width.

32. The method of claim 30 wherein the height of the pillars is at least twice the width of the

pillars.

33. The method of claim 30 further comprising:

applying an electrically conductive material to at least a portion of a top surface of the
composite assembly; and

applying an electrically conductive material to at least a portion of a bottom surface of

the composite assembly.

34. The method of claim 30 wherein the supporting material is a wax or an adhesive.

35. The method of claim 30 further comprising:
forming the composite assembly so that a bottom surface of the composite assembly

has a radius of curvature.

36. The method of claim 35 further comprising:
applying an electrically conductive material to at least a portion of a top surface of the

composite assembly; and

20

SUBSTITUTE SHEET (RULE 26)



WO 2009/061970 PCT/US2008/082701

applving an electrically conductive materzal to at least a portion of the curved botlom

surface of the composite assembly.
37. The method of claim 33 further comprising:

bonding a transmutting matenial to the electrically conductive material on the bottom

surface of the conmposite assembly.

38. The method of ¢laim 37 wherein the transmitting material is sapphire or quartz.

39, The method of claim 37 wherein the transmting material is a polymer film.

40, The method of claim 37 wherein the transmitting material has a convex outer surface.

41. The method of claim 40 wherain the elecirically conductive matenal applied to the top
surface of the compesite assembly in two alectrically isoltacd sections separated by anon-

active area.
42. The method of claim 40 further comprising:

treating the ouler surface of the transmitter matenial to decrease s surface tension

with a fluid.

43, The method of claim 40 wherein the transmitting material forms an intemal cavity in
which the composite assembly is located, the method futher comprising: filling the intemnat

cavity with a dampening material.
44, A method of processing an article conpriging:
sapporting an article on a support;

providing a transducer assembly comprising 3 transnutiing structure baving a concave
mer surface and a convex outer surface; a first transducer having a convex hottom surface
bonded 1o the concave inmer surface of the trasmitting structure; a second transducer having a
convex bottom surface bonded to the concave inner surface of the trasmitiing structure, the
second active transducer spaced from the first active trapsducer so that a non~active acoustic

energy area exists on the transiitting structure between the first and second transducers;

-2 -
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positioming the trasnducer assembly adjacent 1o a surface of the article on the support
and in an orientation wherein the non-active acoustic aren of the transmitting stracture faces

the surface ol the article;

applying fluid to the surface of the article so that the convex botiom surface of the

transmitting structure is fuidly coupled to the surface of the article; and

activating the first andfor second transducers, thereby generating acoustic are
propagated at the surface of the article at a non-normal angle that results in refelected

acoustic waves travelling away from the transducer assembly.

45, The method of claim 44 wheremn each of the first and second transducers are formed by a
composite assembly comprising a plurality of pillars constructed of a pieroelectric material,
the pitlars arranged in a spaced-apact manper so that spaces exist between adjacent pillars: the
pitlars having a width and a height extending between a top surface and a bottom surface,
wherewn the height of the pillars 1s greater than the width of the piliars; and the spaces filled

with a resihient material so as to form a composite assembly.

46. The method of claim 44 wherein the support is capable of rotation or tranisation of the

article.
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Figure 1 (Prior Art)

Figure 2 (Prior Art)
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convex bottom surface bonded to the concave inner surface of the transmitting structure; a second transducer having a convex bottom
surface bonded to the concave inner surface of the transmitting structure, the second active transducer spaced from the first active
transducer so that a non-active acoustic area exists on the transmitting structure between the first and second transducers

The inventions listed as Groups |-l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Group | does not include the inventive concept of administration of a transmitting structure having a concave inner surface and a convex
outer surface; a first transducer having a convex bottom surface bonded to the concave inner surface of the transmitting structure; a
second transducer having a convex bottom surface bonded to the concave inner surface of the transmitting structure, as required by
group Il.

Group Il does not include the inventive concept of pillars having a width and a height extending between a top surface and a bottom
surface, wherein the height of the pillars is greater than the width of the pillars; and the spaces filled with a resilient material so as to
form a composite assembly, as required by Group |.

Groups |-l therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Note: claims 31 and 33 are not present in the application
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