K3S- 140SG - 1- | NTEGRATED FLEXURE MOUNT SCHEME FOR DYNAM C | SOLATI ON OF
ULTRASONI C TRANSDUCERS FI ELD OF THE I NVENTION This invention is generally
directed to ultrasonic transducers used in an ultrasoni c bondi ng apparat us.
More specifically, this invention is directed to an integrated flexure
nmount sdenmeod®r dynam c isolation of ultrasonic transducers. BACKGROUND or
THE I NVENTION I n nodern wire bondi ng machi nes, the ultrasonic system plays a
crucial role in determning bond quality. These nachi nes have a transducer,
a bonding tool, and an electrical drive circuit The ultrasonic system
affects the energy transfer to the bond-under formation. The

i nterconnection forned between the bonding wire and the work-piece 10 device
is acritical aspect of the wire bondi ng process. In the sem conductor

field, the int@YriGRATEP RUBEYRRMGLI NBHROR &YHAMIGASPKE IRBYs to

sem conduct or devi ce reliabpFig yrasthicd BeNEsudeeradi ng has been used in wire
bondi ng for over forty years and the ultrasonic system has been inproved
over these years to provide faster, nore repeatable, and stronger wire
bonds. The ultrasonic systemon a wire bonder machine is an ultrasonic
generator and a transducer. TFHEDUDE MasdMVENTGENRer at or provi des el ectri cal
power to the transducer at a given frequency. On state-of-the-art wre
borders, the ult Masonientperienanerl efiptcss oauitrprmetrpowi cesseantaanpl i t ude
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during wre bond |ng he transducer is_a %lezoe ectric resonator that 20
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vibrations that help formthe wire bond connection. The transducer, also

called the ultrasonic hor”BAE@%R%UP%“%gPH@%mﬁﬁﬁQSN'S”]to whi ch the bondlng
tool is nounted. In ball he bonding tool is typically a ceramc

capillary. The trxﬂméa%%wetb%ﬁbfng%&hﬂqeqrth%qntrséyn?cz%&eeﬁbrayga&mitr@!eS) an

anplifier (tapered tude anplification) mount 1 ng flanges
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formation. The interconnection formed between the bonding wire and the work-piece

16 device is a critical aspect of the wire bonding process. In the semiconductor field, the
integrity of the interconnection is one of the keys toc semiconductor device reliability.
Ultrasonic bonding has been used in wire bonding for over forty years and the ultrasonic
system has been improved over these years to provide faster, more repeatable, and

stronger wirg bonds.

3 The ultrasonic system on a wire bonder machine is an ultrasonic generator
and a transducer. The ultrasonic generator provides electrical power to the transducer at a
given frequency. On state-of-the-art wire bonders, the ultrasonic generator employs a
phase lock loop and amplitude control circuitry to provide automatic adjustment to track
the changes during wire bonding. The transducer is a piezoelectric resonator that

20 translates electrical energy from the ultrasonic generator into mechanical vibrations that
help form the wire bond connection, The transducer, also called the ultrasenic horn, has a
clamping mechanism to which the bonding teol is mounted. In ball bonding, the bonding
tool is typically a ceramic capillary. The transducer itself has a driver (piezoeiectric
crystals), an amplifier (tapered body for amplitude amplification), and mounting flanges

25 for mounting the transducer to the bondhead of the wire bonding machine.

Bonding is accomplished by applying an electricai load to the piezoelectric

crystals causing ultrasonic vibrations that cause the tapered body of the horn to vibrate in



crystals causing ultrasonic vibrations that cause the tapered body of the
horn to vibrate in K&S-140SG -2- the lengthwi se direction (axial direction).
At the sanme tinme, the ceramic capillary is lowered to contact the

wor k- pi ece device. It is known to nmount the transducer to the wire bonding
machi ne k3g-{4u&ic the transducer would be precisely |located at a theoretical
node point or zero displacenent point in relation to its vibrational
frequency. At this position, oscillation during the raising and |owering
(axi al novenent) of the tapered body of the ultrasonic horn can be
effectively prevented. This zero rode-@ounting woul d coupl e the | east anount
of energy fromthe piezoelectric crystals into the bondi ng machine to which
the transducer was nounted. Some transducers are nanufactured as a uni body
desi gn, thdh@hgthsviset digection héxiaigliteatién Jargase ande tape teed cdradyc eardilaonés pi ece.
These tr&\,@gygoego%t&{]@hé WQ—E%c%}Be\Fi it they have only been able to operate

at single nodes or harnonic ereo cal l ed fixed-frequency transducers.

Wien such prior afdtskhsgdtd H%%%ﬁ%rérfs@[?@éﬂ%%ﬁéw%%oqﬂahﬁ‘%ﬁ‘acﬁtne@ﬁ thhPhR
frequenci es (non-harnonic), several problens arise have prevented such

prior arfens{ycshyauideoTeriaty RSPk Eﬁsaetfi"ﬁPreHFa*tW?Qeé’BmttOTé%@Id'?'? ies. is

Mor epverpomevremaminlte n.tsh.%r@tltmaqeldzqtémuemmstproana@dp@ﬁn&me@emah@ tied rdidied r
speC|f|c i S sti ntln ears that are

or.t.l
ot pos o S e O haof e pakrstnel e Eao IRHR BRE™ L ancducer
nmount i ngffedivsiwirbratted. afdis catseodegnerrgingdvsdd patdlethe IF-’ﬂStCﬂTdfemttO@e'ﬂ%'duce this

ener gy |fr%§nsW‘e%q@zo@@km%d&ﬁtélﬁnﬁgqg@onnd 08 ma@PH?% 0@idd ﬁ@QFa%s@uc%r?E

extrenel to sta olnts nount i n es are
t00 thi moq%‘wev%crme ERBFIceS %re@mué@%wmauaﬁ@ de@fwvmswﬁet@t 3 AR Q0SNG ho

Vi brhaéI | MEngdiaim tEelp&rel ®otiParaeakpieRUNtidlg tfahafgess arkairsigddvia thhl Sephabéem a
transduce

t te f body h
been e YA A0iT AL el 90 EhPr SAIAG DEar 4P LRl I BT o connect
t he noumtanegucktsanyeet sudhhwridrraan®dudefeequsody transdueerstdre driess abfutthe t r ansducer
body is r&ﬁﬂ@%ﬁ?’e@ (ﬁSrQ' ha?rﬁ?é(‘!?g sebérlaanﬁr%&%qqsta*ﬁgé O Endve cﬁﬁ\éé\}llltécf Q?c‘ﬂ[]:lrﬁa rGpansducer

sui tabl e trasonic frequencies ng mounting flanges
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transducer and at the sanme tinme prevent vibrations
Moreover, even while these fixed-frequency transducers gperate at their

specific nodes, there is still some portion of their mounting ears that are not positioned at
the frequency nodal points. As a result, the transducer mounting ears vibrate and cause
energy dissipation, In order to reduce this energy loss in a unibady transducer, the
mounting flanges are made extremely thin to stay at the nedal points, If the mounting

20 flanges are too thin, however, there is a corresponding drop in the stiffness of the vibrating
horm due to the weak mounting flanges. To solve this problem, a transducer with
mounting flanges separate from the transducer body have been employed. Unfortunately,
by introducing separate structures to connect the mounting flange to the transducer body,

the stiffness of the transducer bedy is compromised.

23 What is needed therefore is an ultrasonic transducer suitable for use at
multiple ultrasonic frequencies having mounting flanges of sufficient stiffness that do not
impede ultrasonic vibrations in the transducer and at the same time prevent vibrations

from being transmitted into the machine bond head.
SUMMARY OF THE INVENTION

A0 The present invention is directed to an integrated flexure mount scheme for
dynamic isolation of ultrasonic transducers for use with a wire bonding machine. The
transducer has a body of a generally elongated shape having front, rear, and main

portions. The transducer has mounting flanges for mounting the transducer to the wire



frombeing transmtted into the machi ne bond head. SUMMARY OF THE | NVENTI ON
JO The present invention is directed to an integrated fl exure nount schene
for dynamc isolation of ultrasonic transducers for use with a wire bonding
machi ne. The transducer has a body of a generally el ongated shape having
front, K&&rl40&%d main portions. The transducer has nounting flanges for
nmounti ng the transducer to the wire K&S-140SG 3- bondi ng nachi ne, The
nmounting flanges have at |least two Integrated flexures that connect the
mounting flange to the main portion of the transducer body and define at

| east one flexure orifice. According” %0 one enbodi ment, the ultrasonic
transducer having an integrated flexure nount schene has at least two
integrated flexures to attach the main portion of the transducer body
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descri pttia(?w@ducer body of generally elongate shape having front, rear, and main portions. The

transducer also has mounting flanges for mounting the transducer body to a bonding

15 machine. Connecting the transducer body and the mounting flanges are four integrated
flexures. The four flexures, mounting flange, and main portion of the transducer body
define a first substantially longitudinal orifice having a axis substantiaily paratlel to the
longitudinal axis of the elongated transducer body and also define a second orifice having
an axis substantially perpendicular to the longitudinal axis of the elongated transducer

0 body.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is best understood from the following detailed description
when read in connection with the accompanying drawing. It is emphasized that, according
to common practice, the varicus features of the drawing are not to scale. On the contrary,

13 the dimensions of the various features are arbitrarily expanded or reduced for clarity.

Included in the drawing are the following figures:

Figure 1 is a perspective view of a unibody transducer having an integrated

flexure mount scheme according to one exemplary embodiment of the present invention;
Figure 2 is a front view of the transducer of Figure 1;

30 Figure 3 is a perspective view of the transducer according to another
embodiment of the present invention;

Figure 4 is a front view of the embodiment shown in Figure 3;



when read in connection with the acconpanying drawing. It is enphasized
that, according to common practice, the various features of the drawing are
not to scale. On the contrary, 2 the dinmensions of the various features are
arbitrarily expanded or reduced for clarity. Included in the drawing are
the fol kewingsti gures: Figure 1 is a perspective view of a uni body
transducer having an integrated flexure nount schenme according to one
exenpl ary enbodi nent of the present invention; Figure 2 is a front view of
the transducer of Figure 1; Figure 3 is a perspective view of the transducer
according to another enbodi nent of thé -present invention; Figure 4 is a
front view of the enbodi nent shown in Figure 3; K&S-140SG -4- Figure SAis a
perspective view of another exenplary enbodi nrent of the present invention;
and Figure 5B i s BEgouupSAisewatpedice erepoeli anekiter gkerpgay emSadimeDETAFNEED

DESCRI PT}MN-(ORy ditdlent BWVENTI ON Referring now to the drawing, in which like
reference nunbers réfer to like elenents throughout the various figures

that conprise therdlLafa a pdh&R o tiEhOWSodneResrsRAGEIsKe vi ew of uni body
transducer 100 having an integrated flexure nmount according to one

enbodi nent of the present invention. U trasonic transducer 100 is conprised
of transducer body 102 DiFaxiLED REIFRIRTIAN OF eHBODgeENTISNape. Transducer body

102 has front io portion 102a to which is nounted capillary 110. At the

ot her end of tranBefigrers hdie deXirawing, iredhicipoke referenoR aumpetsvietan te Hke f r ont

and reag|cR@htd Wépd?}fouﬁ fr@%%@% mgxmét%mﬁ.sm&drawgtImréQ?slaoww n portion
102b of transducer glspose between nmount} ng flanges 105. Min
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be mousedrtion ®2gitagihechaperduntes cmillmny £l ét thepeheusresofdsarddsteardady A2t he
peri phefy «0f ;o®ibA 199L.t BevekA2Re #0R: ML RO thbhaBO8sndRRer BRNNING main
portion 102b. Main portion 102b of transducer body 102 is disposed between maounting
flanges 105, Main portion 102b of transducer body 102 contains an aperture adapted to
house piezoelectric elements 104, Alternatively, as shown in Figures 5A-B, piezoelectric
L5 elements 104 may be mounted to rear portion 102¢ of transducer body 102 by way of an
aperture. Piezoelectric elements 104 may be housed in a singie aperture or multiple

apertures as desired,

At the periphery of main portion 102b are mounting flanges 105. Mounting
flanges 105 each have mounting portions disposed on opposite sides of main pertion 102b
20 of transducer body 102. Each mounting flange 105 defines aperture 106 formed through
its respective mounting portions. Apertures 106 have a longitudinal axis substantially
parallel to a longitudinal axis of transducer body 102. In one exemplary embodiment,
apertures 106 are mounting holes used to rigidly affix transducer body 102 to the bonding

machine (not shown), using well-known attachments, for example bolts.

3 In the embodiment shown in Figure 1, main portion 102b of transducer bady
102, mounting flange 105, and at least one integrated flexure is formed from a unitary
piece of material. The unitary piece of material may be any suitable material such as
stainless steel or aerospace grade aluminum for example, In an exemplary embodiment,

titanium is used to form transducer body 102,

30 According to an exemplary embodiment of the present invention, Figure 1
illustrates an integrated flexure mount scheme for an ultrasanic transducer having at least

one flexure per mounting flange. Preferably, the integrated flexure mount scheme has



fl anges 105 each have nounting portions di sposed on opposite sides of main
portion 102b 20 of transducer body 102. Each nounting flange 105 defi nes
aperture 106 forned through its respective nounting portions. Apertures 106
have a | ongitudi nal axis substantially parallel to a |longitudinal axis of
transduges-bady 102. I n one exenpl ary enbodi ment, apertures 106 are
nmounting holes used to rigidly affix transducer body 102 to the bondi ng
machi ne (not shown), using well-known attachnents, for exanple bolts. r In
t he enmbodi nent shown in Figure 1, main portion 102b of transducer body 102,
nmounting flange 105, and at |east one-iPntegrated flexure is fornmed froma
unitary piece of material. The unitary piece of material nmay be any
suitable material such as stainless steel or aerospace grade al um num f or
exanpl e foyrintgarasxe fiptuey penbeeitivertanaet verasitent 198kideuert Gottoldhe HBRRducer

body 102»ar3QsfGE QNS & ebO16HY (%@emivam reahedh MRk fI@iurbB%r@é@&@f&j tbvaRAt i on,
Figure 1 illustrates an |ntqarated | exur e nount n ultrasonic
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A pair of integrated flexures or nt egr at upper_ front and rear
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i ntegrate 88 rear tlexure oi nt t achnent to main
porti on 222k f%@ﬁﬁ“@@ﬂéé’ﬁ‘”ﬁ%é@ﬁ 1‘0‘?2&%69 Tt dgratedUppeferPuntistaincexife 108b

at its rnespesgdtiaveuPoizBtin@fesat t achnment 210 to main portion 102b of transducer
body 102. Attachnents points 205 and 210 define distance 200. Preferably,
di stance 200 is atcdreiagto abeuempladbemnhotiesnt shown in Figures 1 and 2, the

interior side or profile of integrated flexure orifice 112, defined by mounting flange 105
and indicated by reference numeral 150, may have a different shape than the side of
intagrated flexure orifice 112 defined by main portion 102b of transducer body 102 and
indicated by reference numeral 152. For example, and as shown in Figures 3 and 4, the

20 side of integrated flexure orifice 112 defined by mounting flange 105 indicated by
reference numeral 250 has a substantially similar shape as the side of integrated flexure
orifice 112 defined by main portion 102b of transducer body 102 indicated by reference
numeral 252, In other words, the substantially longitudinal flexure orifice may be
symmetrical, asymmetrical, or amorphous depending on the tool or tools used to form

I integrated flexure orifice 112, Likewise, slit 113 extending lengthwise and substantially
parallel to the longitudinal axis of transducer body 102 and formed by a pair of front and
rear flexures may conform te any shape as defined by the integrated flexures. If more
than four integrated flexures are mounted per mounting flange, i.e., more than an upper
and lower front and an upper and lower rear flexure, there may be multiple integrated

10 flexure orifices and multipte slits.

The flexures may be of any suitabie thickness, but are structured in order to
minimize the amount of energy transmitted between transducer body 102 and the bonding
machine {not shown). In one exemplary embodiment, the integrated flexures have a

thickness of between about 0.005 and 0.030 inches. In another exemplary embodiment,



;5 According to an exenpl ary enbodi nent shown in Figures 1 and 2, the
interior side or profile of integrated flexure orifice 112, defined by
nounting flange 105 and indicated by reference nuneral 150, nay have a
different shape than the side of integrated flexure orifice 112 defined by
mai n poikisofupk@2b of transducer body 102 and indicated by reference nuneral
152. For exanple, and as shown in Figures 3 and 4, the 'n side of integrated
flexure orifice 112 defined by nounting flange 105 i ndicated by reference
nuneral 250 has a substantially simlar shape as the side of integrated
flexure orifice 112 defined by main pértion 102b of transducer body 102

i ndi cated by reference nuneral 252. In other words, the substantially

| ongi tudi nal flexure orifice my be symetrical, asymretrical, or anorphous
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mounit he Tnabl Nty to excite parasitic nodes 1h the nounting
support p|ezoe}ectr|c crystals 104 thereby significantly reducing the sensitivity of the transducer

under different mounting conditions, such as found between different bonding machines.

Further, because the integrated flexures have a relatively low mass participation in the

operating resonant modes, the mounting location to main transducer body 102b is

20 unparticular, atlowing the use of multiple operating modes with various nodal locations.

The uitrasonic transducer of the present invention may also operate at a
plurality of frequencies. The plurality of frequencies may be more than just harmonics of a
single frequency. According to one embodiment of the present invention, the ultrasonic
transducer cperates at a plurality of frequencies other than a harmonic of another ong of
15 the plurality of frequencies. According to a further embodiment of the present inventiaon,
the ultraseonic transducer operates at frequencies of about 60 KHz and about 160 KHz. In
this regard, the ultrasonic transducer may be mounted by mounting flanges 105 coincident
with a node of ultrasonic transducer 100 at each of the plurality of operational frequencies.

Figures 5A and 5B illustrate a further exemplary embodiment of the present
30 invention. In Figure S5A, piezoelectric crystals 104 are mounted within rear portion 102¢ of
elongated transducer body 102 using any well-known means. Mounting flange 105 is
attached to main portion 102b of transducer body 102 by means of upper front and lower

front integrated flexures 108a and 108b and upper rear and lower rear integrated flexures



to structure. The exenplary integrated flexure nmount schene described herein
provides the necessary static stiffness required for nounting the
transducer without significant dynamc interaction at resonance operating
nodes. The integrated flexures provide high static bending stiffness via a
noder at eggardallzel spacing fromthe neutral nodal axis. The is main portion
102b of transducer body 102 provides independent support for active

pi ezoel ectric crystals 104 thereby significantly reducing the sensitivity of
the transducer wunder different nounting conditions, such as found between
di fferent bondi ng machi nes. Further, -Because the integrated flexures have a
relatively | ow mass participation in the operating resonant nodes, the
mounting | ocation to main transducer body 102b is zo unparticular, allow ng
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Accordlﬂg) o”ggﬁu? H@P enbo %Ea ?ggﬁe%HE%%ﬁégg% |H6 baﬁgS&JﬁgMSPfrasonic
t r ansdueerigpetatiesaxig ofrur@r@aemnt@gvdmab\@um tig0fingHexemel aabeonbodid@nkibhe | n

this r egﬁég‘ate@%xwé‘srpﬁéﬁﬂé %oIJtu%H%@'H%ﬁEdJEBNb&ﬁ/ f@lﬂﬂér‘ﬁQh@%oH&HBH&G:ﬂ‘e' anges
105 coincident wth a node of ultrasonic transducer 100 at each of the

plurality of oper ﬂl'ftmdl@wthfzrr@&ﬂ&ﬂ@ls&ﬁustﬁtwéﬂﬁd&%n&&ﬂhér%lrl WtHSsbfeddrRedo f urt her
exenpl ary enbodi rese

nt invention. In Eigyre 5
o erbel ST AETANS: HdmPERgt heanrrn Fhos dBiep e FrOHEGusthayt
el ongat &dtrer.arsidus erodiodyork0Ravse mpdany tieddtaknewhinbassopavnitangg of | ange
105 is alilacheds b ORhD wmtmt%@gmg iR ARAHGELJaody 102 by means of
upper front and lower front integrated flexures 108a and t OBb and upper
rear and | ower rear integrated flexures K&S-140SG 7- 108c and 108d. Upper
rear flexure 108c and upper front flexure 108b, together with main portion
of transducer body 102b, define slit 113 extendi ng | engthw se and
substantially parallel to the longitudinal axis of transducer body 102.
Front upper flexure 108b and front |ower flexure 10Ba, together with nmain
portion 102b of transducer body 102 and



nmounting portion 105, define integrated flexure orifice 112 having an axis
substantially parallel wth the axis of transducer body 102. As in the
first exenplary enbodinment, the integrated flexures provide isolation of
transducer body 102 fromthe bondi ng machi ne. Al though the invention is

i |l ustratsedi«owt described herein with reference to specific enbodi ments,
the invention is not intended to be limted to the details shown. ;n Rather,
various nodifications may be made in the details within the scope and range
of equivalents of the clains and wi thout departing fromthe invention.
K&S-140SG -S- What is Cainmed: 1. An ul&rasonic transducer for use with a
bondi ng machi ne, conprising: z a transducer body of generally el ongate
shape having a front, rear, and 3 nain portion; 4 at |east one nounting

fl ange fWhratnoliRtnedy sai d transducer body to said bonding machine; and e at
| east two fl exures extendi ng between said nDuntln% fl ange and said main
portiton of said transdd@efTHoaF, "y sEard el s ‘”ﬁ@ﬂﬁ'l BHd’”QaW%FhfrleeﬁﬁrP%S‘”%nd
sai d nDuntlng fl ange defi nin fice, exure orifice
exterdding in a di P%&%’]SSHC%GBgY %??%ﬂr‘%’uf %%?%?It? éhapted‘as"éﬂgda gff‘ﬁlre"i’ frection
of sai d rhaiapsdweer body. 2. The ultrasonic transducer according to claiml,
wherein said main 2 portion of said transducer body, said nmounting fl ange,
and sai d at | east at westf drexwpestiay gangd fHomeectifa gid Sraosducar Yogi wcwiof

mat er;i aly, & érna ﬁ1ulg asoni ¢ transducer according to claim2, wherein said
mat eri al | udes “at east one of stainless steel, aerospace al um num

titanium and/or alak st tv@cJWé)@l@és ex%endTrhfbétweéﬁgaalrﬁo&ﬁtm@m@erana%s@rrﬂh.ﬂg to
claim3, wherein said material 2 Is titanium 5. The ultrasonic transducer

accor’di rPé’rtﬂ%‘ 1IN sdHgs 98 corrprl SI ng (1) 2 a second nounting flange,
di SDOssed adj acent sgldsrlngg p%]:‘tlcgsnalsgld exur r%d said %Pd%%% (E]?Iangeedeﬂmng a flexure

g orifice, said flexure orifice extending in a direction substantially parallel to said axial

1o direction of said transducer body.

] 2. The ultrasonic transducer according to claim 1, wherein said main
2 portion of said transducer body, said mounting flange, and said at least two flexures are

3 formed from a unitary piece of material.

1 3. The ultrasonic transducer according to claim 2, wherein said material
»  includes at least one of stainless steel, aerospace aluminum, titanium and/or alloys

3 thereof,

| 4, The ultrasonic transducer according te claim 3, wherein said material

2 is titanium.

S. The ultrasenic transducer according to claim i, further comprising (1)
r  a second mounting flange, disposed adjacent a side of said main peortion oppaosite the
3 mounting flange, and (2) two additional flexures extending between said second mounting

4 flange and said main portion of said transducer body,

5 sald main portion, said additional flexures, and said second mounting flange
6 defining a second flexure orifice, said second flaxure orifice extending in a direction

7 substantially parallel to said axial direction of said transducer body.

1 6, The ultrasonic transducer according to claim 5, wherein said main

s

portion of said transducer body defines an aperture disposed between said mounting

3 flange and said second mounting flange adapted to recelve piezoelectric elements.



3 nmounting flange, and (2) two additional flexures extendi ng between said
second nounting 4 flange and said main portion of said transducer body,
said nmain portion, said additional Flexures, and said second nounting flange
defining a second flexure orifice, said second flexure orifice extending in
a direckikgmagpsgubstantially parallel to said axial direction of said
transducer body. 6. The ultrasonic transducer according to claimb5, wherein
said main 2 portion of said transducer body defines an aperture di sposed
bet ween said nmounting i Flange and said second nounting flange adapted to
recei ve piezoelectric elenents. K&S-140SG 9- 4 7. The ultrasonic transducer
according to claim®6, wherein said aperture s is a single aperture. G B.
The ul trasonic transducer according to claim1l, wherein said rear 7 portion
of said transduce¥. bodyhd sitadanpt sdnsdiceeespudngicedasl cvhéreiresadrapsure9. The
uItrgsoQ;gg5&@Q%gH9g; according to claim8, wherein said rear portion
defines a single aperture adapted to receive said piezoelectric el enents.

10. The uItrasonlc transducer according to claimb5, wherein each of said i

, moénting flange®and Eﬁ?W“?@@Bﬁﬂ“ﬁﬁﬂﬁglﬁﬁoﬁ$%%6€ﬂ@8TFn@@aﬁﬁbﬁﬁ%f$we

aper tur @srtiod dr Beiaetdnsough bosithdapsfeetreyevaperdd@sc Bamengs. [ [ a} ]
| ongi tudi nal axes substantially parallel uto a Iongitudinal axis of said

trangducer body. 14 11Th§rpi?ra%'$r¥£@%R%&eﬁ%&&%‘i’rﬁﬁﬁdé‘%@ﬂ%%@ FQighdl-m 1.

wher&in said s nodntin 'S "cOl nCi a node "R operatlona
f r equeneytoh alnes @Bm@smrt@re papted inpdeige paid prezpglecTiseiementasoni ¢
transducer according to claiml1, wherein said is ultrasonic transducer is

confi,gured to opefgte @te aatrmswlatriahyd&ér £d’c6£ﬂrlr@_:ﬂ€3 @§|m S%&&elnTé&hLHfts&asoni C
transducer acco rdlngH£ gla m12, wherein at. of said plurality
of f'r eqlIEEHBS "PLIDT et Aar"d rﬁ%ﬁ. énet %HELSHE?D‘-‘GH%Q 8‘?“&‘5?& plurality of
2i frequemethesigh? 8aid 4espBhigvaudpgarasenhaying Hadlducstudied exes ngstant@ laiparall2l,

mherqln A fdd qﬁ dggpﬁqgﬁfgg???bg%ggpgahity of frequencies is about 60 KHz and

a SECOI’I one sal

14 11. The ultrasonic transducer according to claim 1, wherein said
15 mounting flange is coincident with a2 node of an operational frequency of said ultrasonic

16 transducer.

17 12, The ultrasonic transducer according to claim 1, wherein said

15 ultrasonic transducer is configured to operate at a plurality of frequencies,

1% 13. The ultrasonic transducer according to claim 12, wherein at least one
w  of sald plurality of frequencies is other than a harmonic of another one of said plurality of

1t frequencies.

22 14. The ultrasonic transducer according to claim 12, wherein a first one
11 of said plurality of frequencies is about 60 KHz and a second one of said plurality of

24 freguencies is about 160 KHz.

23 15. The ultrasonic transducer according to claim 12, wherein said
26 mounting flange is coincident with a node of said ultrasonic transducer at each of said
27 plurality of operational frequencies.

28 16. The ultrasonic transducer according to claim 1, wherein said at least
¢ two flexures comprise a front upper flexure, a front lower flexure, a rear upper flexure,

3 and a rear lower flexure,



24 frequencies is about 160 KHz. 25 15. The ultrasonic transducer according
to claim 12, wherein said 26 nounting flange is coincident with a node of
said ultrasonic transducer at each of said 27 plurality of operationa
frequencies. 2s 16. The ultrasonic transducer according to claim1, wherein
sai d atkkeasbhsc29 two flexures conprise a front upper flexure, a Front |ower
flexure, a rear upper flexure, 30 and a rear |ower flexure, K&5-1405G 10- 3
and wherein a slit is defined between at | east one of said flexures and said
main 32 portion of said transducer body, said slit extending | engthw se
substantially parallel to a 33 |ongiti#di nal axis of said main portion of
sai d transducer body. 34 17, The ultrasonic transducer according to claim
16, wherein said slit has 35 a length of at |east about 0.25 inches. 3s 18.
The sul t r asomirs wherasduegdrs deftmddigiyetoattleastrane®f saddlexiresaadtast mami d - 7
flexures,ayer &id @aﬁwﬁ%s b@Jy,l@,gﬁdme@x@h@Mg 1 PRI REbRa DRy EARS o 39 19.

The ultrasoni c transducer according to claim16, wherein each of said 39
f1 extr elONHEAINa) 35 € AT B PORlILE B DT BNIAYEHERY40 20. The ul trasonic
transducer according to claim 16, wherein said flexure 41 orifice has a
first interior profil er“adjuaeﬁmc isan diuneuntomith g loage B dvieerseGanicks!it hier i or
profllealé@tag; q&&& Egan%ducer body, said first profile and said
second pro |W elng su Qantlaffy 43 simlar to one another. 91 21. The
ul trasonic transducer according to claim 16, wherein said flexure as
oriffce has a firkt inff@rti"ifﬁs%wb‘f"f’m%’ué%ﬂ?&é@ﬁt“%@if@i%{mtwmaﬂl@&ﬁ@éf #Md a

secand jakesd Rvel Bfiddn8ss dbearlbacaitiur 80 ddsansgdeiGRhedody, said first
profile and said second profile being different from 47 one another 48 22.

Al | t t d f t d
A SRR Gt ot B AR S s o S et

rear; afiekunes meave a thickness of about 0.015 inches.

40 20. The ultrasonic transducer according to claim 16, wherein said flexure
41 orifice has a first interior profile adjacent said mounting flange and a secend interior profile
42 adjacent said transducer body, said first profiie and said second profile being substantially

43 similar to one another,

44 21. The ultrasonic transducer according to claim 16, wherein said flexure
45 orifice has a first interior profile adjacent said mounting flange and a second interior profile
46 adjacent said transducer body, said first profile and sald second profile being different from

47 one another.

43 22, An ultrasonic transducer for use with a bonding machine, said

@ transducer comprising:

50 a transducer body of generally elongate shape having a front, rear, and main

31 portion;

52 a mounting flange for mounting said transducer body to said bonding machine; and
§3 at least one flexure extending between said mounting flange and said main portion

s¢  of said transducer body,

35 said ultrasonic transducer being configured to operate at a plurality of frequencies
s« and at least ane of said plurality of freguencies is other than a harmonic of another one of

37 said plurality of frequencies.



D portion; 52 a mounting flange for nounting said transducer body to said
bondi ng machine; and s3 at feast one flexure extendi ng between said
nounting flange and said main portion s4 of said transducer body, s; said
ultrasoni c transducer being configured to operate at a plurality of
frequengkesi4gsl and at | east one of said plurality of frequencies is other
than a harnonic of another one of 5r said plurality of frequencies.

K&S- 140SG 11- 59 21 (Currently Amended) An ultrasonic transducer for use
with a bonding sa nmachine, conprising: 00 a transducer body of generally

el ongat e shape having a front, rear, ahd-main 4 portions; 62 a nounting
flange for nounting said transducer body to said bonding machine; and 03 at
| east two flexures adjacent said nounting flange and to said main portion of
sai d¢ 64 transduc23. bourresdydhradndeensin diwesdrieicanesicéraer nge &ith i dodess  of
bet ween .and e. 0.030 inches, 66 wherein said at |east two
fIegﬁregégﬁggﬁgmﬂgggﬁﬁabout 0.25 inches fromone another. 67 24. (Currently
Anmended) An ultrasonic transducer body having an ri integrated flexure nount
schefre conpr # §ieAgduces badyt plgrs@ R re! HEaye %“faoegﬂﬁéwam Yot} 6¥rgeded §WHpe having a
front, pkeabnsand main 70 portion; 7j a first nounting flange and a second
nmounti ng flange di sposed on opposites sides of said transducer body; and
integrated flexures tendi ng bet we eac f .sai nting flanges and said
i 12 4 port PO BE e RheR et SRR ey o TR ool e BT P ur s,
said nounting flanges, and said main portion of said 7(. transducer body
defishe two sébepgriwiodlexyrdsatigacendsniamoynting dasgeom bipptsd Maispediondf saidid 77
transdug@hsREYroRaCHd: 14108 hELGEShAXE£BEhiRkhdsH oR bR bLOMN Gubstantial ly

parallel to a 78 longitudinal axis of sald el ongated transducer body.
65 0.030 inches,

66 wherein said at least two flexures are at feast about 0.25 inches from one another.

67 24, (Currently Amended} An ultrasonic transducer body having an

68  integrated flexure mount scheme comprising:

69 a transducer body of generally elongate shape having a front, rear, and main
0 portion;
7l a first mounting flange and a second mounting flange disposed on opposites sides

72 of said transducer body; and

73 integrated flexures extending between each of said mounting flanges and said main
74 portion of said elongated transducer body,

75 wherein said flexures, said mounting flanges, and said main portion of said

7 transducer body define two substantially longitudinal orifices on opposite sides of said
77 ransducer body, each of the orifices extending in 2 direction substantially parallel to a
78 longitudinal axis of said elongated transducer body.



