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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 uItrésonic 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
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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
mounting flanges are too thiin, however, there is a
corresponding drop in the stiffness of the vibrati ng
horn due to the weak nounting flanges. To solve this
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_THE I NVENTI ON The present invention Is to an
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of ultrasonic transducers for use with a wire bonding

machi ne. The transducer has a body of a generally

SEMMARYEOFSNHBEINVENTION f ront, rear, and main
portions. The transducer has nmounting flanges for

mounting the transducer to the wire bondi ng machi ne.
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transducer for a bondi ng machi ne operates at a
plurality of frequencies. In an exenplary enbodi nent,
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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 uitrasonic 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 nent of the present invention includes
an ultrasonic transducer b8dy of generally el ongate
shape having front, rear, and nmain portlons The
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body. BRI EF DESCRI PTI ON OF THE DRAW NGS The i nventi on
i s best understood fromthe follow ng detailed
BRéisk DEECRIPWQM OF dhE DRAVWIINGSt i on with the
acconpanying drawing. It is enphasized that,
according to common practice, the various features of
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fl@r rspective view of the transducer according to
nother enbodi nent of the present invention; FIG 4
is a front view of the errbodimsnt shown in FIG 3;
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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. 5A.

DETAILED DESCRIPTION OF THE INVENTION



FIG 5B is a top view of the enbodi nent of FIG 5A
DETAI LED DESCRI PTI ON OF THE _| NVENTI ON -5- Referring
now to the drawi ng, in whi ch-like reference nunbers
refer to |ike elenents throughout the various figures
that conprise the drawing, FIG 1 shows a perspective
vi ew of uni body transducer 100 having an integrated
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apeartunes asatesiredy 102 I n one exenpl ary enbodi nent ,
apertures 106 are nounting holes used to rigidly
affi x transducer body 102 to the bonding nachine (not
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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.

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

stainl ess steel or aerospacé'grade al um num f or
exanple. In an exenplary enbodi nent, titaniumis used
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and 2, the interior side or profile of
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fl 105 and indicated by refere ral, 150, . .
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102b of = transducer body 102 and indicated by
105aand indlicated byrreference npgleralxtifhinaay 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

i ndi cated by reference nunéral 250 has a
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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 parallel 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



mounting, as well as the inability to excite parasitic
nodes in the nounting suppQrt structure. The
exenplary integrated fl exufr 8 -nount schenme descri bed
herein provides the necessary static stiffness
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flexure 108c and upper front flexure 108b together with main portion of
transducer body 102b, define slit 113 extending lengthwise and substantially
parallel 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 ans of upper front and

| oner front integrated flexdres 108a and 108b and
upper rear and |l ower rear integrated flexures 108c and

108d . .
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in@gtiondefi ne slit 113 extendi ng | engt hwi se and
substantially parallel 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 nounting 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 flexures provide isolation of transducer
body 102 fromthe bondi ng machine. Al though the
invention is illustrated and described herein with
reference to specific enbodi nents, the invention is
not intended to be Iinmted to the details shown.

Rat her, various nodifications may be nade in the
details within the -9- scope and range of equivalents
of the clains and w thout departing fromthe

i nvention. -10- What is clained: 1. An ultrasonic
transducer for use with a bondi ng machi ne, conpri sing:
a transducer body of generally el ongate shape having a
front, rear, and nmain portion; at |east one nounting
flange for nounting said transducer body to said
bondi ng machi ne; and at |east two fl exures extending
bet ween said nounting flange and said main portion of
sai d transducer body, said main portion, said

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




fl exures, and said nounting flange are not separate

pi eces assenbl ed together. 2. The ultrasonic

transducer according to c¢1'8irm 1, wherein said main

portion of said transducer body, said nounting flange,
Whaefrkd @%g?at least two flexures define a flexure

ori Frce-that extends in a direction substantial | y

parallel to an elongate |ength dinension of the

transducer bod . Th trasoni ¢ transducer
accbr di "ﬂ’#r%{%'%fﬁnsgw@fé?hu%eaw h fabiding magling,fomprising:

at I n
¥ t%ﬁ?ﬁ%ﬁ%%df?@éé”&éﬁyhé"é@@%m SRR BTN, and
mairt parteducer according to claim3, wherein said material
Is tita sonlc ransd cer according to
ci S lTR mendBRsAnGe A Popntind SEFRSBERT PR o S8la
bondihg MefcHihePased adj acent a side of said main portl on
opposite the mounting flange, and (2) two additional

f | estueast twet igrxiires) entengingbetween Apuntipgrflange and said main

i portion of said transducer body,
pomggﬁog%%ﬂaﬁg'ﬂ%@ﬁd%{&dgai d additional flexures, and said
secgyid ridiH Poriien,fdaad gexuréef and @Qldanéeﬁmﬁgﬂflérh@e( bemg a single
orifice, said second flexure orifice extending in a

piecgiferared fram gwﬁaahpliegequ matedal sych thadsaid Byaghpertion, said
flexdurﬁ{‘ﬂgértb di; Ogﬁflartnébfaw A %‘?éte?ﬁgé(es sse\mﬁled together.

rasoni ¢ rans ceraccordin
said main -11- portion of said transducer body defines

an apertyre di sposed be en said Nt i fl ange and .
caidl sec i lgersdiings Agaapingsto Jare deppere said main
portlﬁh%?%gloeﬁ&ﬁé@u ib%ﬂg,ngéd mMourtitfy ﬂ’éﬂg’@%‘ﬁ@'&alcﬁ BRRELVERS flexures

accor |ngtocam , wherein said aperture IS a
defirs adlesurgperifies that 8xtenids imlatdicestinh substamtid iy parallel to an

ac to c in said rear portion of
elonfetenblPahTich Bl LRSS [ ocei ve

pi ezoel ectric elements. 9. The ultrasonic transducer

according to claim@8, wherein said rear port

def3.nes Bhe quaS@narp@amt@eaegp@r@m ® ¢Iam|1vwh§éﬁla said material

inclu%jegza??éfs‘itor ne ofeétgi'ﬁ?éjstsssteel, 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



10. The ultrasonic transducer according to claimb5,
wherein each of said nnunéing fl ange and sai d second
nmounting flange defines r %pective apertures

t her et hrough, said respective apertures having

. [ j : i.al rallel to.a .
portipf W spifirATro REF Body RGS o dnesRE ipsipa thifleqy said
mountihg dange antirsig deceid AvL@tidy fignge adkpted tb redBRESiBZzoelectric
said nounting flange is coincident wth a node of an

elemends-ati onal frequency of said ultrasonic transducer.
12. The ultrasonic transducer according to claim1,
wherein said wultrasonic transducer is configured to
opef.at e Hie altrasonid frarysdufcer ascording toretaire6ciwherein 33id aperture
. The ultrasonic transducer according to claim12,
Is @ ${RAIRARP™UN®| east one of said plurality of resonant
frequencies is other than a harnoni c of another one of
said plurality of resonant frequencies. 14. The
ul t& asonlihe uktrasedicdeansaicer decayding tol cldim 12whetedn said rear

portph of afiiFanstlucBP biral ie ik 18 relee Bintaeldsidy Siemg et
resonant frequencies is about 160 KHz. 15. The

ul trasonic transducer according to claim 12, wherein
sait - 12-henwitiasphig transegeer aceastingi taetaimnB t Whereingaidokar

portFAgHLd BRI ek i9S BRI ARG e i SR Rrb b
according to claim1, wherein said at |least two

flexures conprise a front upper flexure, a front |ower _
f1 &ur e, The viasonigEansducesaseordngdo£13iang, waekain each of said

mouf 5 50 SARELE iyl hind Tl MIFHEL RSB hogures
thereslwiooghr smiddaspectivedzperiaed halving lergitudinaigaxdsendistamtizadly

stantiall.y parallel.to a |ongjtudinal axis of said
paralfglits sfhoiiNaf a8 ol Saici Gariduarbediy 17 The
ul trasoni c transducer according to claim16, wherein
said slit has a length of at |east about 0.25 inches.

18.11The Tinet vltresanic tranedydeicaccardiogrtdiotajmt b, wheiiein said
moum"aﬁér{beefgcc%ir%ident 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_yltrasonic transducer

according to cl aim 16, mﬁé?éin each of said flexures

have a thickness of about 0.015 inches. 20. The
moufling ARG f EOMBREHE RAEROLE b Paib Y Sk Fopsd it ach of
said pdijratityrdf resovamdfreduengidd. ange and a second interi or

profil e adjacent said transducer body, said first

profile and said second profile being substantially

si ar

sconrd i STEBAR ffsdutlr aldbiaitd foRaafh T WhERIF SR at least
two fhexgiras comgprrisere Fonbupperdiexues, adirantdowes Hexluneparreangpper

tenrh S 05 B R R QL e g st one

of sd@cﬂ ﬂékur@s@id@ald Qhélﬁﬁb”cﬁﬂ&n bf %Q%s@ﬂ@éh%dy %4id é’l'ﬁ extending
ul trasoni c transducer for use wth a bondi'ng nmachin

lengthaise substastialyepardablo a longitudinat axis dfiseid ivaitypomion of said
flange for nounting said transducer body to
Uanﬁgﬁnggﬁﬁlng machi ne; and -13- at |east one flexure
ext endi ng between said nounting flange and said
transducer body, sai d transducer body, said at |eas
onel % extheultrasanicransesieat aﬁgordfngatﬁgcéalﬁbﬂﬁgwae@mga@ slit has
DA | ary piece of material, such
2 lent?’wgts?gg@%g???é%sduge etosdy, said at | east one flexure,
and said nDuntlng flange are not separate pieces

assenbl et her, said ultrasonic transducer being

confd gur e vlraspBicransducsr geearding tp @aim 16.auberedn 8§Ch of
said ABJurs HaRRsA &&éﬁs éf%é?\%vséh'%ﬁbhf ¥.005 dcr#oe@%%g%@ﬁeé.s

ot her t an a ar noni ¢ of another one of sai

plurality of frequencies. 23. An ultrasonic transducer

trashauahle DAt B hdRab b B HE S, whierein pach of
said fleired UeRie P tHivkriesssefiabou®0d 18dnches.

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 flange for mounting said transducer body to said bonding

machine; and



machi ne; and at |east two flexures adjacent said
mounting flange and to salg transducer body, the
transducer body, the at dadst two fl exures, and the
mounting flange being formed froma unitary pi ece of

o i AR STl be et Ent gSiing e apq s

transvhices &pdy as&id prafxsdﬂcensb@dmlsew at legst oves flegredand sb&ﬁmbuntmg
havi ng a thickness of between about 0. 005

fl
flanggnbeing BInGlc-RRES 1opRdt BP & Hdaripises st malerial syl et said
tran%‘lﬁzefbob asdid 2R WY st gmggfle'x fgé?mtm nfﬂatr?)%t gzndbt

utra oni ¢ transducer aV|ng an |
sepafrawpieeesmesaembladmgetmnprl SI ng: a transducer body of

et S8 3itasBn e B saee Raind sorg bfesh ke Oasrata aba sty of
frequBHeMd a8d bt %@oﬂé%@%ﬁﬁd lQFhllt)QBPﬁé heried rie&hef tha & harmonic

transducer body; and int egrat ed xures extendl ng
of anaiheieere ehsaidgrluradityioffrraueneies | anges and said main

portion of said elongated transducer body, said

transducer body, said first nounting flange, said

se@d nawaltiaxenid frangficed ik #sdl With BtRGdM E Fhadhfme! rc@mpnsmg
bequ& a single piece forned froma unitary piece -14-
aesquger bagyh that said transducer body, said

Sa:ﬁgHHg In3Q Elfgprgmﬁ.:g @ daREFAN, P H8§1¥ gc?ggllga&ggiéng

teg at ed es are not
maclause,eafmdi ed together, wherein said flexures, sal d
mounting fl es, and said main portjon of said
tr éﬁi‘%ﬁﬁg %%yf%sewlﬁeerew'@ UI!%&%'HQJE!“E? anshig said traasducer
bodyori fices on opposite sides of said transducer body,
eéach of the orifices extending in a direction
sultke tnansducsr 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 fransducer 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



paral lel to a |ongitudinal axis of said el ongated
transducer body. 25. The ultrasonic transducer
according to claim1, wherein the main portion
defines at | east one aperture configured to receive
pi ezoel ectric el ements of -tthe ul trasonic transducer,
the aperture being di sposed between at | east two of
the at |east two flexures. 26. The ultrasonic
of myasgiiad) suey that said transducenbadyesaid fitsempuntingdlangé, saidgedondes
. 0 ' e o._receiv
g Bt AL AP R BR U b EBE asvsmbser
togetleerul t rasoni ¢ transducer conprising two of the
nmounting fl anges, each of the nmounting flanges being
di spased on, gpposite sides of the main portion such
t hatherdn spid ?‘?W@Sa sald gouptgtianges, ARt srid MaIn RestioRoRfrieidng
trans RSSO dy AR SHS bubﬁgtlitiaﬂ lodgﬁ@tﬁhalto\micl o (l;}ﬁ)ogiltees)f&’éﬁ%?

extend between each of the nounting flanges and the
saigetransdyser hadyneach pf theleeifio¢stextendimg én 2 dinertidn sebstaptially ai m

rain.. Jo ' OV port for a
rey Db PR P LGRS0 (o1
transducer, the support provided by the nmain portion

bei I ndependent. of the nount.ing fl S. . .
r}g' %g uptrasomc transducer accorémg clalma]rj %v%erem 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 aperture 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 ultrasonic 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.



