-1- | NTEGRATED FLEXURE MOUNT SCHEME FOR DYNAM C | SOLATI ON OF ULTRASONI C
TRANSDUCERS FI ELD OF THE I NVENTI ON, This invention is generally directed to
ultrasoni c transducers used in an 'bl'trasoni c bondi ng apparatus. More
specifically, this invention is directed to an integrated flexure nount

schene for dynam c i g GRATED FLEX@WN@UﬁW%\?HE‘RﬁE?OF@AG(GQwND OF THE
hi the u

| NVENTI ON I n nodern wi re bondi ng nmachi nes, trasonic systempl ays a
crucial role irDYNAMIG KIADEN GRUHLTRASONKS FRANSDUEERSVe a transducer,
a bonding tool, and an electrical drive circuit. The ultrasonic system
affects the energy transfer to the bond under formation. The

I nt erconnection fornmed betmyEen OFTEHEINYENTIOIN € and t he wor k- pi ece devi ce
is a critical aspect of the wire bonding process. In the sem conduct or
field, the integrity of the interconnection is one of the keys to

sem con t.or I rel.l,abi.l i ras.oni ondi ng _has been used in wre
bondi ng‘ﬂf.l %‘r'ﬂ%?fgﬁﬁ%%[ey%wgr@eg%d t°[ Nﬁgﬁﬁﬁ'gg@iﬁalfc%&?s RAD been i npr oved
over t hghbrsyhrforidhdsepardeus. MdrerspecifiRaRy, tRidaAvait|on isdidcidd Pnger wire
bonds. The ultrasgonic systemon a wire bonder machine is an ultrasonic

gener at 8f intggated flexyrednesnt scheame fardyssmic isglationaefaritrasenic des el ectri cal
power tﬁabgﬁce%ansducer at a given frequency. On state-of-the-art wre
bonder s, e ul'trasoni c generator enploys a phase |ock |oop and anplitude
control circuitry to provide automatic adjustnment to track the changes
during wire bonding._ The transducer is a Ei ezoel ectric resonator that

transl ates el ectri calBAEK&ROUNDRR FEEU BRIN generator into mechani cal

vibrations that help formthe wire bond connection. The transducer, also
called the ultrasonic horn, has a clanping nmechanismto which the bonding

t ool i simmisdertwireonding machines, the ultrasonic system plays a crucial role
in determining bond quality. These machines have a transducer, a bonding
tool, and an electrical drive circuit. The ultrasonic system affects the energy
transfer to the bond under formation. The interconnection formed between
the bonding wire and the work-piece device is a critical aspect of the wire
bonding process. In the semiconductor field, the integrity of the
interconnection is one of the keys to 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 wire bonds.

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 translates electrical
energy from the ultrasonic generator into mechanical vibrations that help
form the wire bond connection. The transducer, also called the ultrasonic
horn, has a clamping mechanism to which the bonding tool is mounted. In
ball bonding, the bonding tool is typically a ceramic capillary. The transducer



bal | bonding, the bonding tool is typically a ceramc capillary. The
transducer -2- itself has a driver (piezoelectric crystals), an anplifier
(tapered body for anplitude anplification), and nounting flanges for
mounting the transducer to the bondhead of the w re bondi ng nmachi ne.
Bondi ng is acconplished by applying an electrical load to the piezoelectric
cryst al itsedfhas angriven (piszosiectiic brystale) antaraplifica (taperedbodpéared body of the

i, SRR necafibe) 819 b RReAres BLmol Rl the LEBMOR S evico- 1t

i s knowhetioniibiel of fite Wiratsohdned nisehinege W re bondi ng machi ne so that the
transducer woul d be precisely located at a theoretical node point or zero

di spl acenent point in relation to its vibrational frequency. At this

Phe. t aparastifaR abeshPRE i Fado e ksl ey Wb BbARIS s cvent ed. i s
zero nO@t?stalmwugm@ ulsbdicodbirations iteatl cxaise theapre@boaiftye hoam t he
pi ezoel ectric crystals into the bonding machine to which the transducer was

nount edto vikigte int therlenatbwise d'rT%Ctmr@P(@éﬂliﬁ@fép'ﬁsAhth%‘\EQma)ﬁln@ﬁaéh@n that is,
e | Do R AR 0L PRSIl o RS B, Toese LT ansducers are

limted'Tn havé “on si ngl e nodes or
har noni cs t her eof caI | ed fixed-frequency transducers. \Wen such prior art

fixed- frequency transducers are driven at multi pl e frequenm es (non-
harrmm'fé)s %%M%Fchm%'ﬂbm%ﬁﬁnﬂm%tm%W'fﬁi’@édmge'W‘éﬁh@G Btfe or art
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there ldlsplacémesmpampm te!@lmrofo |tsh~abratmahtreqlgamm A\t thispositiennot  posi ti oned
at the frequenc nodal points. As a result, the transducer npunting ears
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mounting would couple the least amount of energy from the piezoelectric
crystals into the bonding machine to which the transducer was mounted.
Some transducers are manufactured as a unibody design, that is, the
mounting flanges and tapered body are one piece. These transducers are
limited in that they have only been able to operate at single nodes or
harmonics thereof, called fixed-frequency transducers. When such prior art
fixed-frequency transducers are driven at multiple frequencies (non-
harmonic), several problems arise which have prevented such prior art

transducers from being useful at the additional frequencies.

Moreover, even while these fixed-frequency transducers operate 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 unibody transducer, the mounting flanges are made
extremely thin to stay at the nodal points. If the mounting flanges are too thin,
however, there is a corresponding drop in the stiffness of the vibrating horn
due to the weak mounting flanges. To solve this problem, a transducer with
mounting flanges separate from the transducer body have been employed.



extrenely thin to stay at the nodal points. If the nmounting flanges are too
thin, however, there is a corresponding drop in the stiffness of the
vibrating horn due to the weak nouhting flanges. To solve this problem a
transducer with nounting flanges separate fromthe transducer body have
been enBI oyed. -3- Unfortunately, by introducing separate structures to
connect Unfastunately i biintroduaigg separate stiusturesiée comeht the meowttingf ness of the

L1 ansauiaoectWelifanspRR8 B Te siites & R FABSANF fodhenci oo having

mount i ngorhprongieedof sufficient stiffness that do not inpede ultrasonic
vibrations in the transducer and at the sane tine prevent vibrations from
being transmtted into the nmachi ne bond head. SUMMARY OF THE | NVENTI ON The

present ' r f. e mount schene for
dynam CV\{HS%\Cl{)F{"{‘éI%dI:lbd e?(%fpr asoérh @Rra?ﬁgfg&b&%p@%%&u:t@lé’? 4% r e bondi ng
machl nemufipte Uhmedia:dwqdmm Hmmyg pfountieg Manges vf eLifficibnt edffsdape havi ng
front, rear, mai n ﬁort ions. The transducer has nounting fl anges for
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the i hEREPet PR bt e G b by e e o B0 ¢ P or o

orifice. Accordl ng to one enbodi nent, the ul trasoni ¢ transducer having an

I nt egrated | exure_ nmount schene has at | east two integrated flexures to
attach $HMM‘3RN OB ot INVENTIRN t r ansducer body to the mounting flange. The

at least two flexures attached to the main portion of the transducer body
are spaced apart at |east about 0.25 inches fromone another. According to

anot her The phesdintinvientibh dés dirécted doian ibtegratdd flexufeomoanbsettereg forachi ne
operates at a $F§| yrality of frequencies. In an exenplary_enbodi nent, at
| east oRENaRICigelation gf rpﬁgnl@ftrq;@pggrsrfgr pe@Mifara wire hatidiither t han a

har moni ¢ 8hind"¢h8%fanSB6c& 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 bonding machine. The mounting flanges
have at least two integrated flexures that connect the mounting flange to the
main portion of the transducer body and define at least one flexure orifice.

According to one embodiment, the ultrasonic transducer having an integrated
flexure mount scheme has at least two integrated flexures to attach the main
portion of the transducer body to the mounting flange. The at least two
flexures attached to the main portion of the transducer body are spaced apart
at least about 0.25 inches from one another. According to another
embodiment, the ultrasonic transducer for a bonding machine operates at a
plurality of frequencies. In an exemplary embodiment, at least one of the
plurality of operating frequencies is other than a harmonic of another one of

the plurality of operating frequencies.

Still a further embodiment of the present invention includes an ultrasonic
transducer 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 machine. Connecting the transducer body and



the plurality of operating frequencies. Still a further enbodi ment of the
present invention includes an ultrasonic transducer body of generally

el ongate shape having front, rear,.end main portions. The transducer also
has nounting flanges for nmounting the transducer body to a bondi ng nachi ne.
Connecting the transducer body and -4- the nounting flanges are four

i nt egr athednblumting fiangeEhareffour intégratadefiexuresintienfpur fleaues, menhtingi n porti on

of the jransducer body.defipe a fiyrst substapti al l.ongi tudi nal orifice
navi ng TR eNGhaR R Ha ot Fansduer Boo 8o aiiitsuriiebaty’ "or Che
el ongat pAghudinacbIfRe Mg alaxis sidistatially pReand & td longithdnangxign axi s
substantially perpendicular to the |ongitudinal axis of the el ongated

t r ans duefdhe siengateRimpsdrsariqey aisp definea soraw! Na§cathavingy@amakien i s best
understoad . fr t he fol.l ow d iled description when, read in connection
wth th%ﬂﬁs&%t%gfgrﬂﬁ?ﬂﬁr@?@ﬁ[ ﬂcgt_heﬁﬁﬁgliucgpr%@‘iﬁ Qg@eteﬂg??aetegccordi ng to comon
practi ceanddiReydbtipus features of the drawing are not to scale. On the

contrary, the dinensions of the various features are arbitrarily expanded
or reduced for clarity. Included in the drawing are the followng figures:

FIG 1} ' | f | y transducer having an integrated
fl exur egmﬁﬁ{bﬁiﬁgﬁflﬁyﬁmg ?%Aﬁlﬁgeml ary enbodi nent of the present
invention; FIG 2 is a front view of the transducer of FIG 1; FIG 3 is a

perspective view of the transducer according to another enbodi nent of the
pr esent Thendention is best understogdifrasn the, fallewitg detaileddlescigtinn whebn in FIG 3;

FIG 5A S ; | | l.ar i of the
1S oo hdait fl BRRRERG iR té BloGmpaRARG HralfiNG TR € el HERAAL T,
according to common practice, the various features of the drawing are not to
scale. On the contrary, the dimensions of the various features are arbitrarily
expanded or reduced for clarity. Included in the drawing are the following

figures:

FIG. 1 is a perspective view of a unibody transducer having an integrated
flexure mount scheme according to one exemplary embodiment of the
present invention;

FIG. 2 is a front view of the transducer of FIG. 1;

FIG. 3 is a perspective view of the transducer according to another

embodiment of the present invention;
FIG. 4 is a front view of the embodiment shown in FIG. 3;

FIG. 5A is a perspective view of another exemplary embodiment of the

present invention; and
FIG. 5B is a top view of the embodiment of FIG. SA.

DETAILED DESCRIPTION OF THE INVENTION



FIG 5B is a top view of the enbodinent of FIG 5A. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON -5- Referring nowto the drawing, in which |like reference
nunbers refer to like elenents thrpughout the various figures that conprise
the drawing, FIG 1 shows a perspective view of uni body transducer 100
having an integrated flexure nount according to one enbodi nent of the
present invention. Utrasonic transducer 100 is conprised of transducer

body 1 | ng_a / (e} t.e shape. Transducer. bo 102 has front
port i or GBI ol 1a ti Srking, i SRR R PR cel AORRER et Bl end of

t r ansduglemenesithr outshe vaasuPAGireshdeimpias weedralWigy, fFIcN and rear
portions of transducer body 102 is main portion 102b. In portion 102b of

t r ansduthawsd persreetive viay epuribady daneducerolft haning pariptegrated. Mai n portion

oi 200l AF LR merbiile - on 6 R AL RE Rt IAANRE, o8 "Sa e
pi ezoel YriasbAicataisancer 108 iseompasedBimasstucer beay 102rHdving 402¢c of
transducer body 102 b an aperture. Piezoelectric elenments 104 nmay

y way of .
be housggnaralelongatesshang. tluarsducerbpdy 108 hagfeontinostiond02@édred. At the

peri phery. af: | | lPﬂP I t] f ing flanges
105 ea?ﬁ“'ﬁg\}%@od&ﬁ?&l)[ﬁéb@%'m | onﬁéﬁ%%ﬁ%@& n@go f&t)%%glﬁ?%}%?%yei@ g’ﬁgmal n portion
102b of refar portibnCE)2d) Bdtwd R thd-froht amdirdarp@riidrangitrdisdudef boeg aperture 106
formed through its respective nounting portions. égert ures 106 have a

| ongi t utiisi Mai rortign d02kt Main pogienal 02b ofitiansdusagbedy 1 BAls axi s of

t dug: : hadi 06
mount | re R berbisen hBufli fRERERS Foo! MERIITES 102BRR IS ARett C Bondi ng
machi nebdqdyol 0 bomains ars apgriwel ddaptedvto hbtse piszoklectrioelemenplf4bol ts. In the

enmbodi nrent shown in FIG |1 ngi n %c))rt_i on 102b of transducer body 102,
mount i nQltemativly 1asshewn inFlGEaaA B, piezaelegiiic elements,d@damax beor ned from

mounted to rear portion 102¢ of transducer body 102 by way of an aperture.
Piezoelectric elements 104 may be housed in a single 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
portion 102b of transducer body 102. Each mounting flange 105 defines
aperture 106 formed through its respective mounting portions. Apertures 106
have a longitudinal axis substantially paralle! 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.

In the embodiment shown in FIG. 1, main portion 102b of transducer body
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.

According to an exemplary embodiment of the present invention, FIG. 1



a unitary piece of material. The unitary piece of material may be any
suitable material such as stainless steel or aerospace grade al um num for

exanple. In an exenplary enbodinerg, titaniumis used to formtransducer
body 102. According to an exenplary enbodi mnent of the present invention,
FIG | -6- illustrates an integrated flexure nount schene for an ultrasonic

t r ansdulbatratésman mfegrated dexuenmofihbseheme for aroulirasonicfttansgacePr ef er abl y, t he
integraﬁted fllexure rrﬁunt schene has four 'ntfe rate f.Iexurea per mounti ng

f I ange: navighet EAstaRe Hogire ReS KU fangss ey, thedhghEdana | over rear
108d ( FRixuré AOUAt sBhdthEhabfour htedrafodfS@irés Eeﬁﬁfo%?ulﬂﬁg_fltaﬁg@?' n portion 102b

of transducer body 102 at one end, and the other end”is attached to
mount i ripper frong408bSowes frient ME8a rupper sead! Afspand fowarntreand08a émotf | exur es,

integrated |0 ront .and rear flexures, main. porfion 102b of transducer
body 1oy G 101 FEE 1PXiigh 56 atadhe & mal e B Ao ongi t ua na
i nt egr atptbdubexbody 102 iat bAe ehiZapy itifé ofteriehdns duaehed esinolddingA pai r of
integrated flexures, for exanple, integrated upper front and rear flexures

108b arflanpest)s. Botl theintegrated upparifpontiend reat Hexures cintedratestlowmed

win  dreianeRah fexdescieai Ror8notoiedinsoie nlly WOZRRALT, part by
i nt egr ahedntiiyPRande 105 defive assubdtmtially oriyrubinadfiniigratedRiure 205 to main
portion 102b of transducer body 102 and integrated upper front flexure 108b

at its 9réispekcd ydalioitransgducar badhiehtA pao of intearated Hexures, f2b of

br of or A5 E: BreRae bR a8a hBues 1888 ALIEE. FRBBig To an
exenpl aém1¢anatiém@ﬁd§m§mmeEhaﬁubétmdgﬁgatml totherloAgitugihgle or profile
of integrated flexure orifice 112, define y mounting flange 105 and

i ndi cataxis pftrarsdicen bedydibe: dYithiederenag taaVe. aBdihersizepf sliHaldds than the
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205 to main portion 102b of transducer body 102 and integrated upper front
flexure 108b at its respective point of attachment 210 to main portion 102b of
transducer body 102. Attachments points 205 and 210 define distance 200.
Preferably, distance 200 is at least about 0.25 inches.

According to an exemplary embodiment shown in FIGS. 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 integrated flexure orifice 112 defined by main portion 102b of
transducer body 102 and indicated by reference numeral 152. For example,
and as shown in FIGS. 3 and 4, the 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 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 to any



and as shown in FIGS. 3 and 4, the side of integrated flexure orifice 112
defined by nounting flange 105 indicated by reference nuneral 250 has a
substantially simlar shape as the-gi-de of integrated flexure orifice 112
defined by main portion 102b of transducer body 102 indicated by reference
nuneral 252. In other words, the substantially longitudinal flexure orifice
may besbgperesdefined bydhenniegrated flexuresntimairedban éperidteggated t he t ool or

t ool s ' flexure orifice 112. Likew se, slit 113

ext endi ﬂéf&ﬁé%gf%ﬁééﬂsﬂégéi’%@i?‘é&“hﬂ?ﬁas?y'-%am?é'raq BN{URREf 8RTi t udi nal axis of

t ransdufmver fisrtantiGeh apglerf adRivedyesr iibivre Gthefd Aidly BphultgRe 1 exures may

conformto any -7- shape as defined b){ the integrated flexures. If nore than
H

four i nintggratediflexyrearifiegs and multiplestlitser mounting flange, i.e., nmore than
an upper and |ower front and an upper and |lower rear flexure, there nay be
multiple integrated flexure orifices and nultiple slits. The flexures may

be of amhedleixuedd may becdfmnssuitaile thickness Ushtiretiuatureden ofder tgi ni m ze the
anount of, enerﬁy transmtted between transducer body 102 and the bondi ng

machi ne MiRkize mouphobearergy dransatitied hptvaantiansquser body d§2at ed 1 exur es

have a thj ?tb%n . RO | Ly, anot her
exenpl a%@ﬂgﬁ%gg;ﬁ%@htrﬁﬁ{:mgm egrar@dg}?%%gg%@p%ﬁgrﬁa%%?%&@%s of about
0. 015 i imtbgrated flexures daversthivkness of betwatedalhd\i#t0. 005 tagroe03a f 1 exures of

t hese types achieve desirable results. The integrated flexures are used to

suppor t aN&ssMRRthebexemprRnABLOdiBER: theyintegratrd Hemires haveiat ed coi nci dent
wth a ﬂﬂ?lﬁlé%fs &%oﬁk broal%c’lﬁhfefes.tﬂ%niﬁggﬁtﬁgsc ﬁévé H@}eﬁhﬁﬁ?&sm@&al |y opposed

nount i ng ange’ pol nts on bondi ng I ne. nner, the

I nt egr airtdgfatex flexagepod thabe t9poasachieve iesiableresiits.r ansducer body 102 from
mounting flange 105 and the bonding machi ne when the transducer is
operating. This dynamc isolation can be quantified as insensitive to

resonant L TRRAMIES elafitaRaned HRUport transducer body 102 when

mounting flange 105 is mounted coincident with a node of the uitrasonic
transducer at two diametrically opposed mounting flange points on the
bonding machine. In this manner, the integrated flexures provide dynamic
isolation of transducer body 102 from mounting flange 105 and the bonding
machine when the transducer is operating. This dynamic isolation can be
quantified as insensitive to resonant impedance change based upon
mounting, as well as the inability to excite parasitic nodes in the mounting

support structure.

The exemplary integrated flexure mount scheme described herein provides
the necessary static stiffness required for mounting the transducer without
significant dynamic interaction at resonance operating nodes. The integrated
flexures provide high static bending stiffness via a moderate paraliel spacing
from the neutral nodal axis. The main portion 102b of transducer body 102
provides independent support for active piezoelectric 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



nmounting, as well as the inability to excite parasitic nodes in the nounting
support structure. The exenplary integrated flexure nount schene descri bed
herein provides the necessary statige stiffness required for nounting the
transducer without significant dynam c interaction at resonance operating
nodes. The integrated flexures provide high static bending stiffness via a
noder at etramrsdabdaretbodgpmmg uripasticulae afiewingathenasaadf raultiple dperatingn portion

102b of tr&nsd ¥| éOIZI grow des independent support for active
pi ezoel £B¢ ‘?%W 9’@!:"9\"% ogal lppall significantly reducing the sensitivity

of the transducer under dlfferent nmounting conditions, such as found
bet ween di fferent bondi ng machi nes. Further, because the integrated
f | exur esTHeamltrasonmioltzanisdatsr d)fdhelmesentmwetritiohpaay alsci opdrate atper at i ng r esonant

des, t ti I t -t d body 102b
npart i AT Gl hieng aon aATalD Al SqYeRCEBArY PRATORIHEE Rt h vari ous
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operate at a plura uencl es.” The p ura Ity of frequencies may be
mor e themegsemtlnvem:o:mome:sltrafsoalciramuacérrmp:at&wat Aplicalityoff t o one enbodi nent

of the resent the ultrasoni c transduc erates at a plurality
of fred ing? h%rr thf‘*ﬁzflmh%mh%n'ﬁﬂﬁﬁe%'ﬁaﬁspﬁ ﬁ‘é ' ? % he plural i ty of

f requencrréﬁ%ene{é@.ombm.ﬁg)toaa furtHdiemisstiedhiBthePresBRt IRVESERIH, theventi on, the
ul trasoni ¢ transducer operates at frequencies of about 60 KHz and about 160

KHz. In ulﬂnasom@yanelduaawp@mteaabﬂ‘nequenaas@ﬁabouhﬁ@Klb& andiabedt 150 nount i ng
fl anges nciden e of ultras c tr cer 100 at each of
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pi ezoel ectric crystals 104 are nmounted within rear portion 102c of
el ongat dhe plurality wf @pemtibnal brquengigs.any wel | - known neans.

FIGS. 5A and 5B illustrate a further exemplary embodiment of the present
invention. In FIG. 5A, 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 108¢ and 108d. Upper rear
flexure 108c and upper front flexure 108b, together with main portion of
transducer body 102b, define slit 113 extending lengthwise and substantially
paralle! to the longitudinal axis of transducer body 102. Front upper flexure
108b and front lower flexure 108a, together with main portion 102b of
transducer body 102 and mounting portion 105, define integrated flexure
orifice 112 having an axis substantially parallel with the axis of transducer
body 102. As in the first exemplary embodiment, the integrated flexures
provide isolation of transducer body 102 from the bonding machine.

Although the invention is illustrated and described herein with reference to
specific embodiments, the invention is not intended to be limited to the details

shown. Rather, various modifications may be made in the details within the



Mounting flange 105 is attached to main portion 102b of transducer body 102
by nmeans of upper front and |ower front integrated fl exures 108a and 108b
and upper rear and lower rear integfated flexures 108c and 108d. Upper rear
fl exure 108c and upper front flexure 108b, together with main portion of
transducer body 102b, define slit 113 extendi ng | engthw se and substantially
par al | escope ancerangegiftaqiiivalenta of thetlaimaasd vothoub depadivg. framdhe upper

fl exure %R@ﬂ}and front ower flexure 108a, together with main portion 102b
of traf¥El body 102 and nmounting portion 105, define integrated flexure
orifice 112 having an axis substantially parallel with the axis of
transducer body 102. As in the first exenplary enbodi nent, the integrated
fl exures provide isolation of transducer body 102 fromthe bondi ng machi ne.
Al t hough the invention is illustrated and described herein with reference to
specific enbodi nents, the invention is not intended to be |[imted to the
details shown. Rather, various nodifications nay be made in the details
within the -9- scope and range of equivalents of the clains and wi thout
departing fromthe invention. -10- Wat is clainmed: 1. An ultrasonic
transducer for use with a bondi ng machine, conprising: a transducer body of
generally el ongate shape having a front, rear, and nain portion; at |east
one nmounting flange for nounting said transducer body to said bonding

machi ne; and at |east two fl exures extending between said nounting flange
and said main portion of said transducer body, said nmain portion, said

fl exures, and said nounting flange being a single piece fornmed froma
unitary piece of material, such that said nain portion, said



fl exures, and said nounting flange are not separate pieces assenbl ed
together. 2. The ultrasonic transducer according to claim1l, wherein said
main portion of said transducer-b®dy, said nounting flange, and said at

| east two flexures define a flexure orifice that extends in a direction
substantially parallel to an elongate |ength dinension of the transducer
body. What Thelaimed:asoni ¢ transducer according to claim1, wherein said
material includes at | east one of stainless steel, aerospace al um num
titanium and/or alloys thereof. 4. The ultrasonic transducer according to
claim 3, wherei nAg aitrhsBhiciraddduce? fdr UseWitha bondifiEmidchirs eBhfprisignsducer
according to claim2 further conprising (1) a second nounting flange

di sposed adj trepaducerdiogy afigesgrallyrelongaershapa hayingsa frent.traar.@vdnt i ng f | ange,
and ( 31L§8 @ ditional flexures extendi ng between said second nounting

fl ang 4 Q d main portion of said transducer body, said main portion,

sai d addi t i gtreastfdrexmoanting ldngafet raeGRtiy $ald Manddubenthasy todgfidni ng a second
flexure orifice, said second flexure orifice extending in a direction

subst bediag Maguneiland to an el ongate | ength dinension of the transducer

P00 port off Br BRI Prg L SRBHURG R E8h SaREmbnind Bhot AHRSER Be et vean
sai d pomientafraid framstuoentodql d second nounting flange adapted to receive
pi ezoel ectric elenents. 7. The ultrasonic transducer according to claim®6,

wher ei n sai $Ridpedin pogtion, said Hexiges alpbsaid meourdingtiiangg being @siagler ansducer
accor gj ' | ' r ort i QL L g ucer body is
adapt gi?%ggahgiﬁ\b@ %PQ%@[@%% ?’gh%t%@ﬁus& @rai gﬁ'&%?ﬁﬁ%@ﬁh#ﬁ&ansducer
accor fisxigres Cartd gaithrounthy faryesaiethdtaabardtepiecds afemitsied fogdthgl e aperture
adapted to receive said piezoelectric el enents.
2. The ultrasonic transducer according to claim 1, wherein said main
portion of said transducer body, said mounting flange, and said at least two flexures

define a flexure orifice that extends in a direction substantially parallel to an

elongate length dimension of the transducer body.

3. The ultrasonic transducer according to claim 1, wherein said material

includes at least one of stainless steel, aerospace aluminum, titanium and/or alloys

thereof.

4, The ultrasonic transducer according to claim 3, wherein said material
is titanium.

5. The ultrasonic transducer according to claim 2 further comprising (1)

a second mounting flange disposed adjacent a side of said main portion opposite
the mounting flange, and (2) two additional flexures extending between said second
mounting flange and said main portion of said transducer body,

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

substantially parallel to an elongate length dimension of the transducer body.

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



R

10. The ultrasonic transducer according to claimb5, wherein each of said
nmounti ng flange and said second nounting flange defines respective apertures
t her et hrough, said respective apéerlt-ures having | ongitudi nal axes
substantially parallel to a longitudinal axis of said transducer body. 11.
The ultrasonic transducer according to claim1l, wherein said nounting

f | angrortien ebsaiditamsduogn body definescin apedyrerdisposes] bétwegnesadd of sai d

| t et d .12 T | t ic t di laim1,
wher PR iR $EE Saic SScohR Sty e Ad P RS Rhoelic PleoBele o Sl i1y
of resiemants.frequencies. 13. The ultrasonic transducer according to claim

12, wherein at |east one of said plurality of resonant frequencies is other
than a harnonic of another one of said plurality of resonant frequencies.

sai d plural iy one LEBREHE BhaRicetACRbS 1T B gl O i aBettbied one o
sai d js plgim@leidpertafe.r esonant frequencies is about 160 KHz. 15. The ultrasonic

transducer according to claim 12, wherein said -12- nounting flange is
coincident wwth a node of said ultrasonic transducer at each of said

Co crai m 15 wherdeoarigiaRElERer dpr NG PRI ACO M B IER Tooer ™

f1 exortiomof ssitttrdnedatef beditiscadapté® By recBRRr piekdalsstiie el@nents. r ear | over
flexure; and wherein a slit is defined between at | east one of said

flexures and said main portion of said transducer body, said slit extending

onBt o 5 e bk e her Sl BR pTE D BT T

cl ai rpokion dbfiied a sijlel apbittrdadaptad lte reidiveaidipiéamsiéctibeldméntdd i nches. 18.
The ul trasonic transducer according to claim 16, wherein each of

10.  The ultrasonic transducer according to claim 5, wherein each of said
mounting flange and said second mounting flange defines respective apertures
therethrough, said respective apertures having longitudinal axes substantially
parallel to a longitudinal axis of said transducer body.

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

ultrasonic transducer.

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

ultrasonic transducer is configured to operate at a plurality of resonant frequencies.

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

said plurality of resonant frequencies.

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

plurality of resonant frequencies is about 160 KHz.

15.  The ultrasonic transducer according to claim 12, wherein said



said flexures have a thickness of between about 0.005 and 0.030 inches. 19.
The ultrasonic transducer according to claim 16, wherein each of said

fl exures have a thickness of about2 0.0 15 inches. 20. The ultrasonic
transducer according to claim 16, wherein said flexure orifice has a first
interior profile adjacent said nounting flange and a second interior

pr of iﬂneuatimgaﬂmnge sataincidemtowlitit amddedyf saichiitrasonict transoluickeabeactsad d second
profil e ubstqp@%all simlar to one another. 21. The ultrasonic
tranéﬁWEQ 3 893 AF'€8. wherein said flexure orifice has a first
interior profile adjacent said nmounting flange and a second interior
profil e adjacent said transducer body, said first profile and said second
profile beity diter etrerenicrteansdueeracnonding to zlaimnl,whereiosaid atleast ducer f or

2 oue PP BBR Stk Berrer A s RS S arretnai g

miCh' MBurénshd a tSadbwee Agkuren and Wheréin £¥lited defifed BEWRSSh sBledstEHEt | Ng
flange and said transducer body, sai d transducer body, said at |east one

f | exu@fesaic lexweas @ndoaaid main pprtiongef said trgnadmefgnqdypseléesm exteading om a

one 1 PRafEESE s BBl Rl o1iG 4 bRR AT o PORE R i o ol O ol

t oget tigfisduzar Body.t rasoni c transducer being configured to operate at a
plurality of frequencies and at | east one of said plurality of frequencies
Is other than a harnonic of another one of said plurality of frequencies.

v ansducer Body: T WBAREHRGrarTHigt Fesria e RRRL TP MR RiL SPBY (0 sl o

bondi agength of at least about 0.25 inches.

18.  The ultrasonic transducer according to claim 16, wherein each of

said flexures have a thickness of between about 0.005 and 0.030 inches.

19.  The ultrasonic transducer according to claim 16, wherein each of
said flexures have a thickness of about 0.015 inches.

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

substantially similar to one another.

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

different from one another.

22.  An ultrasonic transducer for use with a bonding machine, said
transducer comprising:

a transducer body,

a mounting ftange for mounting said transducer body to said bonding

machine; and



machi ne; and at |east two flexures adjacent said nounting flange and to said
transducer body, the transducer body, the at least two flexures, and the
nmounting flange being fornmed frofMa unitary piece of material, such that
sai d transducer body, said nmounting flange, and said at |east two flexures

are not separate pieces assenbled together, said at |east two flexures
havi ng a t tatdeant onediexve axtendingobetweeoGmicmpunting Sanga @ngssaidher ei n sai d at

ot 7 Sculcef BT FaBht ool Sa ot PGl e Bl PO e
conpriisrigacbeifg hrsiﬁ@ldtps@cfe fl@ﬁ'ﬁedcfforﬂ%ﬁﬁﬁlfﬂri/ wetiecrsfgﬁét@r@hameh haatigead a front,

rear, and malin portio a first nmounting flange and a second nounti ng
fl ang*éa'éﬁds*;{(y‘ﬁébﬁdbrﬁal%sb[@@lst eBe feyere, and §aicbmouah@s|daege B&RIYOt and i nt egr at ed

fl exug gfésélggégg%%bgéié@gq?g%grof said mounting flanges and said main

porti ansducer body, said transducer body, said first

mDuntl ng flsaigaltrasehit meﬁbaingldwﬂgﬁimébpe&até atea pluralitgefat ed flexures
bei ng a single piece formed froma unltary pi ece -14- of material, such that

sai d TeQupwirsand atileastane of ﬁalgtplmjm erfgequeaﬁge@ is other thag GhaMARNBL | ng
fl ang arﬁﬂﬁi ls&ﬁéjofﬁlﬁg)rtﬁ'%lﬁlg Jff%&lﬁ gre not senarate nieces assenbl ed
t oget Wher Sl o 2T ures, Sarg

imounting flanges, and said nmain
portlon of said transducer body define two substantially |ongitudinal

orifices on opposite sides of said transducer bod each of the orifices
ext endi ng 4% gpa‘m ditrasgRicsaRsdaeer gqrp.gse with a bond%gymachme comprising:

a transducer body;

a mounting flange for mounting said transducer body to said bonding
machine; and

at least two flexures adjacent said mounting flange and to said transducer
body,

the transducer body, the at least two flexures, and the mounting flange
being formed from a unitary piece of material, such that said transducer body, said
mounting flange, and said at least two flexures are not separate pieces assembled
together,

said at least two flexures having a thickness of between about 0.005 and
0.030 inches,

wherein said at least two flexures are at least about 0.25 inches from one

another.

24.  An ultrasonic transducer body having an integrated flexure mount
scheme comprising:

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

a first mounting flange and a second mounting flange disposed on
opposites sides of said transducer body; and

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

said transducer body, said first mounting flange, said second mounting
flange, and said integrated flexures being a single piece formed from a unitary piece



parallel to a |ongitudinal axis of said elongated transducer body. 25. The
ul trasoni c transducer according to claim1, wherein the main portion
defines at | east one aperture canfdgured to receive piezoelectric elenents
of the ultrasonic transducer, the aperture being di sposed between at |east
two of the at |east two flexures. 26. The ultrasonic transducer of claiml
wher eifrmatedabsuch pleattsaic trdaéduss boaly, $aidfirstaneusntirey flange, eaid secoreld t o

recei ve piezpel ectric el enent the ultrasonic transducer, the ultrasonic
tr angaﬂﬁ'gq'"%ﬁ?ﬁﬂq'Q"Hgsat'wqggraiﬂgh%ﬁﬁﬁ iR, nPfﬁ‘%%?,te BISERS agpemRiedpunt i ng
flangggetperng di sposed on opposite sides of the main portion such that the

aperture is disposed between the two nmounting flanges, and such that at
| east two o¥harein $did flexeresesaidirdortingsflangesc Andfsaichmairo pottiongpffdaichges and

th ' ion,, 27.,.Th |t i C . d f claiml, in th [
por t gy BEt el defiis, i Substanfa IpBekignaiorEes fo Gribsleisdas ot of cnonts |
of t heid FraRSEWER body! B8cIS P briflled \WxerliRYy i AirdREich BAbstaRBaRe! Ng

i ndependent of the founting flanges.
parallel to a longitudinal axis of said elongated transducer body.

25.  The ultrasonic transducer according to claim 1, wherein the main
portion defines at least one aperture configured to receive piezoelectric elements of
the ultrasonic transducer, the aperture being disposed between at least two of the at
least two flexures.

26.  The ultrasonic transducer of claim 1 wherein the main portion defines
at least one aperture configured to receive piezoelectric elements of the ultrasonic
transducer, the ultrasonic transducer comprising two of the mounting flanges, each
of the mounting flanges being disposed on opposite sides of the main portion such
that the aperiure is disposed between the two mounting flanges, and such that at
least two of the flexures extend between each of the mounting flanges and the main
portion.

27. The uitrasonic transducer of claim 1 wherein the main portion
provides support for a plurality of active piezoelectric elements of the transducer,
the support provided by the main portion being independent of the mounting

flanges.



