PCT-EP2009-063000 BONDING DEVICE, ULTRASONIC TRANSDUCER AND BONDING METHOD
The invention relates to a bonding device, particularly for producing bond connections between

electrical conductors made of wire material or strip material and contact B‘Eﬁ?%%&??ﬁgﬁié such as,
in particular, electrical circuits, wherein 5 the bonding device comprises a bonding head which can be

rotated about a geometric axis of rotation, in particular a vertical axis, and on which a bonding tool and
an ultrasonic transducer are disposed for ultrasonic vibration excitation of the bonding tool. As is
known such bonding devices perform in a way that by means of a bonding 10 tool, that in a common
embodimentBOND INGAIEVIGIEULTRES ONECSTRAN S BIECERAND B ONDING METHODoNded, e.g.
an Aluminum or Gold wire, is pushed against the targeted contact point of a substrate, e.g. an
electrical circuit, with a defined compressive force, while the bonding tool is performing ultrasonic

oscillations prieeRGiFIEH IeIHeies e e sae rativa sacmAprbasisyitpadthose oscillations
into the conductor until a permanent so-called aond connectiop is esta Iis%g%rb tween, the conductor

and the contSPRRERICISPTHESILRIGRIAGH FRNBHPRSRASEMaSR 813 RO alled
ultrasonic tragiafloeatachiplilzsfisubet ftpicallyhuae, staphetiolipiatelstteipatioiezits cleneeeaits as

oscillation drjvers. The piezq elements are usually cqonnegted to an alternating, voltage such 20 that the
piezo elémemg BQH%WQDQ%HE:&%Wg?c?ﬁg%ﬁgrqgéﬁ&?gﬂi@ﬁgn%aﬂfgg5@?%t§/%8£€endicular to the
planes of theyptatesranaiibefeforationtlie fErtitukdinavairbcalonxis, tedpieveitdnsebosding. These
periodical alternationps of | . I [ '

ongiucinal (TOLAIL AL AL EE e ISPt o BEE IR0 PRI 25 ool
holder often af domibatigdirgotecihg horn that elongates into the same direction is utilized with the
bonding tool attached to its tip, e.g. by means of a clamping screw, such that the longitudinal axis of

e o RSB I A SR Ry 5y g cton o
PCT-E102009d@stt@bin a common embodiment could be a so-called wedge, an area of an

electrical conductor that is to be bonded, e.g. an Aluminum or Gold wire, is
pushed against the targeted contact point of a substrate, e.g. an electrical circuit,
with a defined compressive force, while the bonding tool is performing ultrasonic
oscillations perpendicular to the direction of the compressive force and transmits

15 those oscillations into the conductor until 2 permanent so-called bond connection
is established between the conductor and the contact point. For the excitation of
the ultrasonic oscillation of the bonding tool so-called ultrasonic transducers are
utilized, that typically use stacks of plate-shaped piezo elements as oscillation
drivers. The piezo elements are usually connected to an alternating voltage such

20 that the piezo elements perform consecutive elongations and contractions
predominantly perpendicular to the planes of the plates and therefore in the
longitudinal direction of the piezo element stack. These periodical alternations of
length usually excite the tool holder of the bonding tool to perform longitudinal
mechanical oscillations in the direction of the periodical alternations of length. As

25  tool holder often a conically reducing horn that elongates into the same direction
is utilized with the bonding tool attached to its tip, e.g. by means of a clamping
screw, such that the longitudinal axis of the tool is perpendicular to the
longitudinal axis of the transducer, i.e. perpendicular to the direction of the

oscillation. As a result the tip of the tool also performs an oscillating movement
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transverse to the tool's longitudinal axis that is utilized to produce a bond connection. Bonding devices
with ultrasonic transducers provide numerous advantages and are used in a multitude of applications.
Frequently there is a requirement to produce a number of bond connectig,(r;ﬁ BEBO@ bgrea, 5

wherein the so-called bonding head, i.e. the subassembly of the bonding device containing the
bonding tool and the ultrasonic transducer (as well as usually a wire guide and as the case my be for
so-called thick wire bonders a cutting tool) are mounted, needs to perform quick rotary motions around

a vertically oighteergeqneiatebbxisajitatationadiseHaidst btilizeddoveotionel albeasbnic transducer 10
tllﬁﬂ‘ and hence its desir%n exﬁébét&ng Il%r mass moment
€ bo

equipped with a bonding head due to its fun

of inertia is r‘e‘aaP&&H0%?%%#995%?’&%9%&%& ar%sp?e'}ll%gr NS TOtation Of t n(ﬁng ead and
accordingly miysrdadasgenctary whdteih a nultitside ofexp it isatienebfgetive o YHbdreséndon to further
develop a bonding device o ore i | rii Y. isggvantages 15
described abrggg '%%Fzﬂ%%é é%%fgéc% %@%ﬁgfﬁﬂg %&i@%%nggﬁsﬁ@ @yﬁﬁes m\g/laprﬁ%n’firstly and

fundaméntaliyheyein daisoctallast benstisip headnhm thesubasseaxibneldhaebanding 86yise transducer
andfor the dugRANAG HEBSIRTGS8PLHY iR dipalBROt IS asELP | AMcyai uduamgent of inertia

(with or without lateral distance) extends parallel to 20 the geometric axis of rotation of the bonding

head. The afitengsidAad AfihanestRibeiorsecraisd Hickiirefandartasiiog Prlucer,
wherein it exfipitadista eV RIGH AN RRIRIK REFRAIDNR Mdisrdensiotaly ertidied|so the
aforementioned axis_of rotation of the bonding head is primarily a gegmetrical, i.e. not necessarily a
constructionSPARENORhANE eﬁﬁg@H%Jimf%%%ﬁf@i@%ﬁmﬁﬂéﬂ%%éﬂéﬁ&ﬁ% the mass

momeniof iRgfilippethwREREBbHIITG isainRiddal irofishbiees andshehig aiotesigie bievibits i
comparison o conventional bonding devices with.a main direction of extensign of the ult[ﬁsonic
transducer parge RS PSR Qﬁ?fﬁéﬂéﬁlrgggr%?%gtﬂaﬁoﬁ "Hgﬂ(fﬁ? %QA%WPREP&@ faster

rotations of tigdtiendifghedashdiitlh fespbantb dtcpeativehyledaireR GifgePABOY-ABAB00 geometric axis of
rotation are possible respectively smaller drive systems are necessary for the rotational drives in

comparison., A second embodiment according, to the inventiopn features Ity ic fransducer,
particularly f Aﬁ'ﬁo‘f?&&eﬁ%@"c@%&qﬁ Eyﬁgggﬂ%lgggmé%%éo g@?&tfg%vgﬁﬁé %@%@iﬁg tool of the
bonding devimyiveef ¢he tiensinastininetldisd scmhdaipadisulatbalitcodisataiddgasexciter and the
oscilla 'gn eécégerr%%@%@%%% %}é?%%%gea%%lgoelement, and wherein an ultrasonic energy source,

particularly a voltage source IS u to apply an alternating electrical voltage to the piezo element.
10 Based on the aforementioned state of the art the objective of the invention is to further develop
such ultrasomhetehjsdiive isaeetirplished dntilge inwantiers fesit anddbntamengite dmdlogy and/ or its

application. o hodiment wherein the main direction of extension of the ultrasonic transducer

and/or the direction of extension thereof in the direction of the axis of the
minimum moment of inertia (with or without lateral distance} extends parallel to

20  the geometric axis of rotation of the bonding head. The aforementioned main
direction is the extension direction of the ultrasonic transducer, wherein it exhibits
its largest physical dimension in comparison to its extension direction. Also the
aforementioned axis of rotation of the bonding head is primarily a geometrical,
i.e. not necessarily a constructional axis. With the chosen solution according to

25 the invention a reduction of the mass moment of inertia with respect to the
geometrical bond head axis of rotation is achieved, in comparison to
conventional bonding devices with a main direction of extension of the ultrasonic
transducer perpendicular to the geometrical axis of rotation of the bonding head.

Therefore faster rotations of the bonding head with respect to its perpendicular
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This objective is accomplished by the invention firstly and fundamentally by an embodiment wherein
the ultrasonic energy source, particularly the voltage 15source, preferably its frequency, and in

particular its voltage frequency, is matched to or adjustable such that dug QRS i 13 Q%Bcularly
when an alternating voltage is applied, the main direction of deformation%he osagﬁ)at%n exciter and/

or the main direction of deformation of the piezo element extends laterally respectively perpendicularly
to the polarization direction of the piezo 20 element. This embodiment represents a fundamental

departure frepadraesrtusas d¢sigatorcans diossiblthe siaietivbinemedllevhirieirsiatemaiamirection of
ar.] a stack of %iezo element plates), respectively the main

deformation of the osci ati%r%eXfibergi. nastack of piezo e
direction of d&toFFRHEAGr erBé B MR ThePhd ?ves, I5 arranged parallel to the main

deformation direction of the piezo elements. At 25this the main deformation direction is defined as the
spatial directigrsécovit chnridsodivacaet aocathimglie this it drditar deatudescrmuliasooiccur (i.e. contractions

and elongalipnl Gansed g, ADRUP ARHIRNNG les W ahualiRgeods aalpsftion direction is a

property of the piezo efemen rectional orieéntation achieved by a forced alignment of dipoles in an

electricd fileekdilatigniof thehofutingiteg! POMeRRIGlNG0E3008 phoceis bipidraseBifients and for the
most part reuainy afier 1o PRANICIULOGLREGESHAIGRBRRE hirPiea diiRman ertigiarization).

Through Application of an aﬁi:arnatlng voltage to the piezo element it generally experiences alternating
contractionscamarsiseg atitaastPag sinamnetaraenbdhRIENAE HpERNieRIEY#RINESiNd amount

in the differeps spajis ket WAl 1aliatdthe IaYBian Mbastmhgelitrricapwindge that specific
alternating voltages exist, that in a case by case specifically allocated single spatial direction (e.g.
geometrical WBPIFEASIBRRYresult in an elongation of a larger magnitude compared to other spatial

directions, in which these frequencies are also dependent on the form and 10 the dimensions of the
piezo glgmephasdvsH aetBR RAEEATIGNREstRRaITARBLAD thdjabpiitiaspL iy élyéationagteomponents.

According to the invention the proposed embodiments provide at defined voltages comparatively high
field strengtﬁgrﬁ%ﬁfigﬂé‘ﬂ?%ﬂﬁh E@ﬁ%@%VEfﬁg%ﬁgfp&%\é%ﬁ\@@f'%ﬁe&@%é%ﬁﬁgg Qwith a
polarization giegrifastenientiioonptsge athdUtarite spetitatibnlateral '

This objective is accomplished by the invention firstly and fundamentally by an
embodiment wherein the ultrasonic energy source, particularly the voltage

15  source, preferably its frequency, and in particular its voltage frequency, is
matched to or adjustable such that during operation, particularly when an
alternating voltage is applied, the main direction of deformation of the oscillation
exciter and/ or the main direction of deformation of the piezo element extends
laterally respectively perpendicularly to the polarization direction of the piezo

20 element. This embodiment represents a fundamental departure from transducer
designs according to the state of the art, wherein the main direction of
deformation of the oscillation exciter (e.g. a stack of piezo element plates),
respectively the main direction of deformation of the piezo elements themselves,
is arranged parallel to the main deformation direction of the piezo elements. At

25  this the main deformation direction is defined as the spatial direction in which
compared to other directions the largest deformations occur (i.e. contractions and
elongations) caused by the applied alternating electrical voltage. The polarization
direction is a property of the piezo element, a directional orientation achieved by

a forced alignment of dipoles in an electrical filed during the manufacturing
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15 to the plate plane and thus create transmittable forces through changes in physical shape.
Additional advantaes are the achievement of increasing degrees of freedom for designing the
transdqcers ar)d the p'OSSIbI|I'[y of a S|mpllfled as;embly of thle piezo elenlgeﬁEgggF -Y)%@H%T includes
a bonding device patrticularly for producing bonding connections between electrical 20 conductors
made of wire material or strip material and contact points of substrates such as, in particular, electrical
circuits, wherein the bonding device comprises a bonding head comprising a bonding tool and an
ultrasonic trgmedessrodpdesceieatkatsoznd fothing earobbpartaenditizcaiteretitcomaoufipciseinagn ultrasonic

transducer for {he 2oultrasonic é)dgglé’qg%ﬂlﬁ?('%}%gﬂg"qu%%?*%%i{r‘]‘g”fqlh\w%ﬁiﬁé ﬁc%ﬁﬁfﬂc transducer

) PIOCESS IS CORD .
comprises at least two ihterSpaceéd oscillation exciters ‘connected 1o a to rand which comprises
at least one ahralieriatingupitagetodiiornieze eigtyeot inganwilbyienpaisress @iienating at least one

voltage soures iR AR AURH BNGAIBRL ALl AAASIBifDERRE! A ARIEN e reBfebifyB2009-063000

Based on the aforementioned the objective of the invention is to provide an advantageous

embodirfentfgniHdsopashgraenitdn e gitinignbapatinhdirgelirifeustiallyivariesirdiig and

fundamental|yRGRRIARITRRALHY ATRRASHEIY IMBEIBANS Meiiithy!Faragie RRRIGYHRUICeS, in
particular 5 the voltage source or the voltage sources, preferably the frequency and/ or the phase

position e.g.iBra@shinaang seneifealy Mleried single gratinkdisctior (G:8<8rogneitRitable to the
construction gfither assilatign rexcitahiArfERIhGrAionesthab o saEfitudesctieiaryantoarplied

alternating voltage, the main djrections, of deformation of the tywo gscillatjon exciters are parallel or
mainly parall%‘?ﬁ'g%é'éﬁ‘a‘f)%é? gffﬂqﬁg‘ﬁﬁﬁ) ﬁ%‘ﬁ%ﬂ%’?ﬁﬁ@ﬁ%&é‘ﬁ?ﬁﬂﬁ@%& ﬂ?enf\ﬁzo(ggbfgﬂ%%n exciters
are phage shiftediméhdiesigast iaeqaehoothanaprieisraizly y thelicagreney, he depasdahtived by 1800.

The term periqd in this context is used in place or as an equivaglent to . the term.phase length, and a
phase shift FUBCR G FSRESLY Fip SaeLy G L R st ToRBRR. Wit respect to

its third proposed embodiments provide at defined voltages comparatively high field

strengths particularly with the usage of plate shaped respectively thin piezo
elements with a polarization direction extending perpendicular respectively lateral

15 to the plate plane and thus create transmittable forces through changes in
physical shape. Additional advantages are the achievement of increasing
degrees of freedom for designing the transducers and the possibility of a
simplified assembly of the piezo elements. The invention includes a bonding
device particularly for producing bonding connections between electrical

20 conductors made of wire material or strip material and contact points of
substrates such as, in particular, electrical circuits, wherein the bonding device
comprises a bonding head comprising a bonding tool and an ultrasonic

transducer as described above.

A third embodiment of the invention comprises an ultrasonic transducer for the
25 ultrasonic oscillation excitation of a bonding tool wherein the ultrasonic
transducer comprises at least two interspaced oscillation exciters connected to a
tool holder and which comprises at least one ultrasonic energy source for the
supply of the oscillation exciters, particularly at least one voltage source to apply

alternating electrical voltage to the oscillation exciter.
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15 embodiment the invention also comprises a bonding device particularly for producing bonding
connections between electrical conductors made of wire material or strip material and contact points of

substrates such as, in particular, electrical circuits, wherein the bonding g_fﬁ%gmd@%&o% bonding
head comprising a bonding tool, preferably a wedge, that is held by a tool holder, an an ultrasonic

transducer according to the invention as described above. By utilizing several, preferably two, piezo
elements that are interspaced with respect to each other, attached to the tool holder, and that perform
different timéBaiefd wnaherafireracteiisitas fhkathjetinaddsfthe iforertian isdolfabrglecdational movement

and transmits this movement onto the end of the preferaply.elongated 25bonding tool held by the tool
holder. By m%i%%ngqﬁguge?{ggﬁﬁwe&gngslHahch)[:gr%%Hglcge%?é ‘of the tool holder respectively by the

oscillating torsional moment transmitted to the bonding tool, the bonding tool is excited to perform
transversal osciksidmgstd. theoiviationshegigectiveltr finstitard fondaineatadly@oecimpliebedctively its

main irectio of exiERSAM AN IS SIRNEN A58 CrlsshHRX iR A0ess Bt P se

oscillation is In contrast to the state of the art not excited PCT-EP2009-063000 at the position of the
so-called antiwueltage prafsielonthetieltaasisonropthdrdetablydhoienaneyiglionddsependent

mode of oscilfation S BRHABY SaSHURIRNS VIRREIBPd ierihaisg s Bgndine es), apd causes in

connection with an appropriate de&a;trespectively configuration of the bonding tool that also the

5bonding to&NAseRAbAsISlakiRiR HieransieIcionribenatiRlifR rGHdn SHEREBMEN tool, that

can be transfRiiigs dpcratRIACEiRCRITLGIE Mypihe Rivskeipiy CbRdydreonRasiimstibREessing the
bonding tool against said conductor. It Is understood that in the context %ﬁ?@e inv lg(tion also
combination8fHefEMatianeh the e OBrilalion G RIS A5e han ﬁﬁgé"éfﬁ HﬂEﬁT ®mbodiments of

the inveptiorsash pessiiad hedetinaatibkeanat plesmyeldment ypew weisstilagbrators could be used

e plezo clemetls aLuNIch (e . RIF SISl L SErRING L IGrER Sy HaF A palels Preeed

i.e. phase shifted by 180°. The term period in this context is used in place or as
an equivalent to the term phase length, and a phase shift of 180° (antiphase)
represents half a phase length forward in a phase shift. With respect to its third
15 embodiment the invention also comprises a bonding device particularly for
producing bonding connections between electrical conductors made of wire
material or strip material and contact points of substrates such as, in particular,
electrical circuits, wherein the bonding device comprises a bonding head
comprising a bonding tool, preferably a wedge, that is held by a tool holder, and
20  an ultrasonic transducer according to the invention as described above. By
utilizing several, preferably two, piezo elements that are interspaced with respect
to each other, attached to the tool holder, and that perform different time-
deformation-characteristics, the tool holder performs an oscillating rotational
movement and transmits this movement onto the end of the preferably elongated
25  bonding fool held by the tool holder. By means of the periodically changing
rotational angle of the tool holder respectively by the oscillating torsional moment
transmitted to the bonding tool, the bonding tool is excited to perform transversal
oscillations, i.e. oscillations perpendicular or lateral fo its linear expansion
respectively its main direction of extension. But this oscillation also called flexural

30 oscillation or transverse oscillation is in confrast to the state of the art not excited
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In particular in connection with the first embodiment of the invention it is preferred 15that the
geometrical longitudinal center line of the ultrasonic transducer is oriented parallel to the geometrical
rotational axis of the bonding head and/ or parallel to the longitudinal ce%ﬁ{@,g 5518 gaagling tool.
Thus the moment of inertia with respect to the bonding head rotational axis can %?e red6uce . There is
also the possibility that the ultrasonic transducer comprises at least one 20oscillation exciter,
preferably two oscillation exciters oriented parallel to each other, wherein each oscillation exciter
comprises ahtehstppsitipiesd thle steohlleckfertididy &vbuiipreferabheat shevpesifioreatthpiere element

features a maip djrection of extension that extends parallel to t rc, [Qnal axis of the
bonding hea%a.nﬁqenf)er%orﬁt&% AacHOR0 @?Qr%@n&’r%% |e(J)sft ﬁ?gﬂﬁqé% %g](ﬁ%eﬁéﬁ)%nwb t‘%e piezo element
in this directzstikakiogds thensimitiey oitee éntintibosdingtodtand tavsemirctonnertianavidbeond
embodiment.af 406, INEAIOR:Lj R iAHaRoR G ShE e IB8! BRAicardehe voltage
source, preftgﬁaé%ﬁ ﬁésje(/é%g% %@&Tﬁ%@%‘?ﬁs %m%%ﬁ!#a justlgfble sucﬂaﬁlﬂgt when applyin

PCT-EFszoobcmstimm)m_m&ram@rfmm@m&@@mﬁérmwedﬁ@d@dh%mmaﬁbﬁiw cillation
exciter and/ prthe AARG HEEaiRR QIfBLIMALRREUIES MeARGIRBCE F8aERRE YR hEhe piezo elements

extends along the main direction of extension of the piezo element respectively the piezo elements.
5In particulaPiPCtSHARE @ich Rk ¢RMTRIA YL RIS P LASLPRIRGIAY RIPRSERAD that the design of
the bonding ksqfliemponents that can be excited by the ultrasonic transducer and the alternating
voltage, particularly its frequency, is chosen or adjustable to each other such that the pivot point and

articularly the instantaneous center of rotation of the tool_holder is located.at a e of the 10bondin
'Fool. y It is understood that in the context of the invention also comanaqlons o} tﬂe 9

10  characteristics of each two or all of the three aforementioned embodiments of the
invention are possible. In principle all known piezo element types for piezo
actuators could be used as piezo elements at which the use of piezo-electrical

ceramics or piezo-electric crystals is preferred.

In particular in connection with the first embodiment of the invention it is preferred

15 that the geometrical longitudinal center line of the ultrasonic transducer is
oriented parallel to the geometrical rotational axis of the bonding head and/ or
parallel to the longitudinal center line of the bonding tool. Thus the moment of
inertia with respect to the bonding head rotational axis can be reduced. There is
also the possibility that the ultrasonic transducer comprises at least one

20 oscillation exciter, preferably two oscillation exciters oriented parallel fo each
other, wherein each oscillation exciter comprises at least one piezo element,
preferably two piezo elements, wherein each piezo element features a main
direction of extension that extends parallel to the geometrical rotational axis of
the bonding head. The term main direction of extension implies that the

25  dimension of the piezo element in this direction is [arger than in any other

directions.

In particular in connection with the second embodiment of the invention it is
preferred that the ultrasonic energy sources, particularly the voltage source,

preferably its voltage frequency, is chosen or adjustable such that when applying
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In respect to the aforementioned embodiments of the invention there is also the possibility that the
frequency at the ultrasonic energy source, preferably the voltage frequency at the voltage source is
chosen or adjustable such that it exactly or approximately equals a resom_‘%ﬁ%ﬁ 530 ferably the
lowest 15respectively the first resonant frequency, i.e. the first eigenmode, of the with applied
alternating voltage oscillating subassembly, which includes the ultrasonic transducer, the tool holder,
and the bonding tool. Preferably the oscillating system with the bonding tool can be excited to
oscillations thid dtcfirsitivig @nftageciheyragia trsctiohsof defochnatibrsbétherdecitiation escibiation
excitation 20 fo1 .0yl second. i dhind slgecidsniresHgacybsioenion auld glse b possible. In
another advarrftageous embodiment of the invention one or severanlezo elements each in the shape
of a rectangpiszdetariedtplaxdendscakingibectigin elingttion theexdensigulal iberpireds larger than the

thickness of é%ﬁef@e%%ﬁg‘%ﬁ%@?% igatigngirection of each piezo element with respect to its

25plate plane Is orient respectively perpendicular. For the introduction of an oscillating
torsional moment into the tool holder respectively into the bonding tool it is preferred that the ultrasonic

transduéer covparitiedat iraentestiestmih shetiine embesinjeatnfrinvestion dtiser, wherein each
oscillation exqUer cOMPHTHf R SR SHHEBBHBHSV@%? Yo B iRNRRP P00 QR Stitilpy piezo

elements, that are mounted planar to two surfaces of the piezo element holder that are parallel to,

turned awaytR@MEREPBiSIRRREdCERaRGtRe A liserating Aliapt P prirdlady s EeyI6BAY%dShem.

Thereby anctiipseAne@ifusttIdhe shasomspauenamAltheplisr palinaMalraaduraly Beeachieved,
that Spractically only the elongation change of the pie(zkc&elements in their maiaélggt tion of extension

is utilized foMRERBEINRAIS FERIHALR BHER YdRGifRPISRIas) mhiagates: #ha P hment of the

piezo glemebtmhdiag tbelpiezo holder element, which is preferably made from metal like e.g. steel or
titanium, is deformed accordingly. Thus each oscillation exciter comprises a sandwich-like 10

it s Cor SRR B csBUR R EePE B Aok LM A A5 A Ailing enciters i
is preferred teatsibififydlaatzhtdinedinecbgrabiimaivradenie siserghisbuace coresttabhtshef the same
oscillation exgiieh, Sf% 0BRSS BT UMAGE Wil b ReSd8dher SiRsineBus iz irave
exactly or approximately equals a resonant frequency, preferably the lowest
15 respectively the first resonant frequency, i.e. the first eigenmode, of the with
applied alternating voltage oscillating subassembly, which includes the ultrasonic
transducer, the tool holder, and the bonding tool. Preferably the oscillating
system with the bonding tool can be excited to oscillations with its first
eigenfrequency and thus in its according first eigenform, but oscillation excitation
20 for e.g. the second or third etc. eigenfrequency/ eigenform would also be
possibie. In another advantageous embodiment of the invention one or several
piezo elements each in the shape of a rectangular delimited plate, wherein the
edge [ength of the rectangular contour is larger than the thickness of the plate
and wherein the polarization direction of each piezo element with respect to its

25 plate plane is oriented lateral respectively perpendicular.

For the introduction of an oscillating torsional moment into the tool holder
respectively into the bonding tool it is preferred that the ultrasonic transducer
comprises at least two oscillation exciters arranged parallel to each other,

wherein each oscillation exciter comprises a piezo element holder and two
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15 opposite leading signs. In this context it is also preferred that the polarization direction of the two
piezo elements that are attached to one of the two piezo element holders is oriented orthogonally

away from the surface of the piezo element holder, and that the polariza%ggr%wdgs two piezo
elements, which are attached to the other of the two piezo element holders are oriented

orthogonally towards the surface of the piezo element holder. With the above mentioned embodiments
the desired different and particularly opposing changes in length of the two oscillation exciters can be
realized withsinfiritipléad\elimptesigeitisal amuited plaewsitaivpiendatementseapéezonnected to the

same respectjvely identical, thus also in-phase, alternating yoltage and the. pi 25¢el t i
e T S S Bl B ey e
free surface phafergldwaytlirtin marmespréimubdluethmh'éhﬂtwsinlﬂmm@n;ti@iﬂuIar_Iy to the
o S rf e BT R A AL e A MR VAR U R SRR AEPEECT Y

voltage course can the u provides only _ ternating voltage e.g. in 30 the form
u(t)=U cbs (@ractnatiyninththesgiphaatioragitsioge efdhrenteze gepyemsiiythairdvaifecting wires to all

piezo elemepsiBAI/IELANSUIFRANBRIPHRIHE RETIAEER0SAG3A S BeHimRRiawin respect to

the previously described mode of operation is an arrangement where theﬁg@eometrical longitudinal axis

of the bondify Bwanaer deepplanr altachmeihditbeivirzsr eemssisabratbeniogrdiidgnts and/ or

along the gegragiicahmiishal [ateaun adondinahiariie rrgfestesl spasmraning and 5 stable
embodiment comprises twoigpegz}o element holders that are constituents of the séﬂ\%ré]d ingle piece
i

transducer HRICrRSAIAERBANS %ORNHR AR 561U CXSIRO RATPIRED AtRR @ﬁ‘?ﬂplemented
as a single pigemdemiinidiciedntalprasairnashttaite benaskicenbopypdsiagrpibroomprises a
holding fork, with holder arms that on | ngitudinal epd connect tq each one, piezp element 10holder
in its Iongitu&fﬁﬁ?%@ﬁjpeﬁ%%n?ﬁ%ﬁbm E\ﬁ&?&?ﬁ%ﬁ?ﬁ?%@nﬁw&%ﬁ% \é%'[\ﬁég&ﬁ%oﬁ%r rEelucer
comprises atleasyometarftducendiodydifaling leastasdt s gilsfeoree thiirth epmizizaten for the
transmission of the osgillations, produced by the oscillati citing.e Nt | is connected with the
transducer b%'(rﬁ/ '9%8%56%0meé§%1§risﬂﬂﬁ %Posg%gg rl%'%%ﬁqée%%ﬁ?e%%%érﬁ%ggﬁg development, that
the ultrasoniexcitesdace oppeisizi askhtother atitts nerpénl|tietheis dinectiboniing quelstbasises an
oscillatign m IS Y% | r | [lati ent with
respecL! o at Fgﬁ%ﬁgﬂ%@ﬁ%ﬁ t%fi?)'&]%\#élh r?%ﬁr]]{t’i%;%%rﬁgﬁegi?g}}%?n&ggﬁéggﬂfgeﬁgiveIy said

waveform inditeati@uafithegviatiezaetsinents Petess migchrstitcene iisiwe 8Matory excitation
for rotation A, HAOSHRAEH R REFIRASSHABLRFINE ) WS Sddis Ssbaflgscerciation

element is mounted to the transducer body by force closure and/ or form closure and/ or material

continuity (beleaat hieldkry andithabteapolrizalien gieseimahtiaiwo piezo elements,

which are attached to the other of the two piezo element holders are oriented

20 orthogonally towards the surface of the piezo element holder. With the above
mentioned embodiments the desired different and particularly opposing changes
in length of the two oscillation exciters can be realized with a particularly simple
electrical circuitry, wherein all piezo elements are connected to the same
respectively identical, thus also in-phase, alternating voltage and the piezo

25 element carriers are e.g. grounded. In particular this provides the possibility to
easily connect the piezo elements to a free surface, facing away from the piezo
element holder, to the ultrasonic source, particularly to the voltage source e.g. by
means of soldering joints. Thus an ultrasonic energy source respectively voltage
course can the utilized, which provides only a single alternating voltage e.g. in

30 the form u(t)=U cos (wt), and which is applied to all piezo elements, e.g. by wiring

the connecting wires to all piezo elements in parallel. Another advantageous
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oscillating rotational movement is oriented with respect to at least one to the 25longitudinal axis of the
bonding tool perpendicular or at least in general perpendicular imaginary respectively geometrical axis
of rotation. In further detail a possible embodiment allows to span a hypqgaﬁt_iﬁg& _&%Qy@dy
geometrical reference plane through the geometrical longitudinal axis of the bonding tool or a hereto
parallel geometrical line and through said rotational axis, that the at least 30 one oscillation excitation
element is located interspaced to the side and that the PCT-EP2009-063000 force exerted from the
oscillation exattatdimeatveitt cagpabiettrins guedo bsigydestsibed orquie ddopesatibnifgathe direction

| RAAUABELBLS AHERBRIA I thabipgeoaraed as

respectively parallel to the (imaginary ex e(e
advantageoL%r%%&earpfeenatlsvﬁt]v?/ge%vm% 8§r’ﬁegc[%ﬂcoa he reférence plane sideways rspaced 5 oscillation

excitation elg@araiiel wwmdimm@faam@wm@fﬁm@i@@ammm oegiety thehe
reference p'%é%rﬂﬁtﬂegfgﬁfse&p%%ﬂ'ﬂﬂﬂg B5 GV Rl 38 MGEPSIRhaRL EaFng R ably one or

several voltage sources or current sources, are provided for the energy supply of the oscillation
excitatioh elstablasrapodimaet aompdses tyenderscplaenéataaesntent AeneoreiiNeRit Bley perform

10oscillationg,ingh sHeiRdiRgrR %ﬁ@%@%}ﬁmé%@ﬁ?mﬂqumsmaga IfHEN B Aoty oscillation

excitation elements are arranged on each side of the reference plane, wherein on both respectively on
different sidderdialsingibrcheading ioddsiimmipmsniesah 2 RIREARIerE PR IS opposite to
each other, wiierptaferdaaisairesemadiberpirientegianecthinigbberingdiagifatiomarcitation

elements are connected with the epergy source or the energy soyrces such that they perform
oscillations j}ﬁf@ﬁl’[ﬂ{g&t ﬁﬁ?ﬁf'ﬁ%@&@ﬂ%ﬂé{%ﬁé%e?ﬁ‘&&ﬂgtmﬁzé’x%%éﬂ% elements that are
arranged in paiteandiwinesitpkohiedntereirgance plane opposite to each other are connected with
the oscillation energy source or oscillation energy sources such 20 that they perform oscillations with a

phase shift tp 180 to each other. A compact advantagequs embodiment according to the invention
particularly \ﬁﬁﬁ"?g & Sci’rﬂ?ﬁﬁd?%t a'é‘é’%%%ﬁﬁo‘ﬁ@r‘ﬁﬁ'ﬁ{ﬁ’}%d; %%C[?(?%r%g&'gﬁongitudinal
axis is achieleadtwitie darisdindenstatyoarstildtast omatascil aiomertititg e antahgtibone behind the

other on the,same side qf the refer ' irection o ' ifpdinal axis of
the bonding ttﬁo% r%%%%b%\?%@ﬁﬁ%%%&%? ﬂ%ﬁ#ﬁﬁ#ﬁé@@? uégéﬁ%%ﬁi%gn&%wggl on %Hct]ne oscillation
excitation eléasdhiscanireciad with the teosidticer brsliliy suitahlemmsanafentbit/ RipRRSMtion

excitatia RPN SuRRGORIOLHAS Q5L AGIRUBABRYIHANREURaIRAFARH RO oPPOsing,
pposite sides facing surfaces of the oscillation
preferably with the at its tool holder mounted bonding tool comprises an
oscillation mode, comprising a waveform which produces a rotational oscillating
movement with respect to at least one axis of rotation in the mounting point of the
bonding tool. Alternatively said waveform in the mounting point of the bonding
20 tool may produce a combined oscillatory excitation for rotation and translation. In
a preferred embodiment of the invention the oscillation excitation element is
mounted to the transducer body by force closure and/ or form closure and/ or
material continuity (bonding, brazing, welding etc.). It is also preferred that the
oscillating rotational movement is oriented with respect to at least one to the
25 longitudinal axis of the bonding tool perpendicular or at least in general
perpendicular imaginary respectively geometrical axis of rotation. In further detail
a possible embodiment allows fo span a hypothetical respectively geometrical
reference plane through the geometrical longitudinal axis of the bonding tool or a
hereto parallel geometrical line and through said rotational axis, that the at least

30 one oscillation excitation element is located interspaced to the side and that the
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30excitation elements carrier, wherein the oscillation excitation element carrier PCT-EP2009-063000
exhibits at least substantially the form of a rectangular cuboid or of a rectangular plate. In so far such
ultrasonic transducer is of a fundamentally different construction comparg@%gépfoeéga&%b/ described
ultrasonic transducer with two parallel to each other arranged oscillation exciters, but also allows the
5introduction of an oscillatory torsional moment into the bonding tool at its tool holder. In one
embodiment the oscillation exciter element is at least one piezo element such that the transducer body
comprises ofdycensxprésd fedemibet dediflatidroddicitptibp elemetdrnatidheighsaluesrsbddydamentally

features the form. of a rectanqular cuboi a rectan r > 10 [ mes clear
that the bon(%#gs '%(\)/igé %{ggor frqa ﬁ,"%ﬁ%q?ﬁvgn?%% alcr?gu%sﬁ%%é%ﬁé%ﬂéﬁ?ﬁ!@éﬂﬁem lly deviate
from the statexténtediongitdinalandd widne bonadigaioed. it isitegaiedasdidyantageei®d by one

oscillation ugper QL I8 AR SBHUEIS RGNS, AL ORRArSEilalions (o a ol that s

arranged perpendicular to the direction of oscillation 15exciting it to perform flexural oscillations. The

inventiof in esailatioteyeitationeslemeents arpdrsided chabasnaransss orpesiiecalened the
transducer i, IQREPFARREII8 e fueraRdE PENE d C AR OB IHRPReH:arEayERES moment of

inertia and the physical volume of the apparatus is achievable. In addition the manufacturing cost of

the transducHiEsRJ ORNYGY SV IRPEsHG srabiRRIR Y6 b YRHER SQETGER k&L ates with

simple geomgjiirsad)hRY HisIRIEd fer thR asragipiuphRcnaierssenansH lrirsilasiementitation
elements at the transducer. According to the embodiments of the invent(di‘grlnalﬁﬁ% degcribed above
the inventiof\IEDAE SHRREREIGi BRI BN SHEIRIGR & EMRBT SUHAN B Y RS0 e

minimym MyEanssinsaria sfdhmhisnsairRl byntBoP 25the tool is identical. The transducer is excited
to oscillations by oscillation exciters respectively oscillation excitation elements, such that a wave form

develops at the operating frequency, that performs a fundamentally rotational oveﬁFent at the

mounting potREoPIRESS SRtPAIERIALLI RIS PG OtRI D GXPRRLAN RIEDAFIAA'E torsional
oscillation. Imaargjebodiesth sieeoditte efbr:hveplivie jivherein on both respectively on

different sides of the reference plane oscillation excitation elements are arranged
in pairs opposite to each other, wherein on the same side of the reference plane

15 neighboring oscillation excitation elements are connected with the energy source
or the energy sources such that they perform oscillations with a phase shift of
180° to each other, and wherein oscillation excitation elements that are arranged
in pairs and with respect to the reference plane opposite to each other are
connected with the oscillation energy source or oscillation energy sources such

20 that they perform oscillations with a phase shift to 180° to each other. A compact
advantageous embodiment according to the invention particularly with respect to
a minimum mass moment of inertia with respect to the tool’s longitudinal axis is
achieved with each at least two oscillation excitation elements that are arranged
one behind the other on the same side of the reference plane in the direction of

25  the geometrical longitudinal axis of the bonding tool. This provides the
opportunity that the transducer body comprises only one oscillation excitation
element carrier and that the oscillation excitation elements, preferably all
oscillation excitation elements, by configuring only a single oscillation exciter, are
located at two opposing, opposite sides facing surfaces of the oscillation

30  excitation elements carrier, wherein the oscillation excitation element carrier
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30 is proposed that the transducer respectively transducer body consists PCT-EP2009-063000
fundamentally of two coupled areas of a preferably plate shaped body of arbitrary shape and as the

case may be variable (particularly in direction of the extension staggered?éﬁjfé?g%% ited by
means of oscillation exciters respectively oscillation excitation elements to perform longitudinal

oscillations, wherein the 5 tool oscillates in the plane of the plate shaped body. Preferably at least two
actuators (oscillation excitation elements) are mounted planar in the left or right area on opposing
outer surfacexigibttyedl knrdyobsthatialie (e fdiehtof theatiaingtieotiamoaf exeres meidngibaably the

actuators are mounted e.g. by, bonding, byt fundamentally all cqnnecti closure, form
closure and R@I 'ri%'l i%?@%ﬁﬂﬁﬂiw%ar%gé‘é%iﬁ%'i‘é" ANEFha i\?g@/ailgrn ﬁla%%]églrﬁ:gt%ﬁ%éﬁz driving of actuators
opposing eacbrstnection teiegdrisd topiheseraviarstyetebodbed nizasonitiritpts dusenwsthidmaat least four

actuators (ogelgjian e2iaiaR SISMEREL AEHBIEIALIL BRPASIGIRMETAUTTaces of the tio
coupled areXs that extend parallel to the main direction of extension, Within one area the actuators are
again preferititpdictioned an psailatorrdessionabmomarsastaibehosdingdaababie i¢Mase is

preferably 180),With raq2 i i, dReRioR SlibadnRHEREIgnaTsXianeian 8Re feaforementioned

design this embodiment can be categorized as a vertical transducer, featuring two coupling areas. 20

Another emistemeat sHebchahieoltRRSHVERiBACY.RMPESSHBIY RIR RIS HeReM tidehsisting of a
plate shapeqybethgttieex elemdp@seiliaiioas IBYstrIngsRIRAIPrelairspretbrelydhe oscillation

excitation elements that are mounted on two outer surfaces opposing each other and parallel to the
transversal A%RIGHIRESHRRI Xra TREIFIIURCHALES, in contrast to the 25transducer consisting of two

coupled partial bodies described above, perpendicular to the plane of the plate shaped body. This
providgg themppRPHE Wy BETdMesSEbt diat Das latiomeetite aciorderis) thethe outer surfaces

comprises 1ARFALHAR 8PS (B IRAREH ScrEREHAEEh LRSI} NG AFRAa o N (el Deriutarly
two actuatorarorKRege 23 ers usually used in ultrasonic welding are excited by one
oscillation generator to perform longitudinal oscillations, and transmit those
oscillations to a tool that is arranged perpendicular to the direction of oscillation
15  exciting it to perform flexural oscillations. The invention in contrast targets a new
design wherein the orthogonal alignment of the tool to the transducer is no longer
necessary. Thus an improved construction with respect to the mass moment of
inertia and the physical volume of the apparatus is achievable. In addition the
manufacturing cost of the transducers may be reduced by using simplified body
20 geometries (e.g. plates, plates with simple geometry) and by simplifying the
assembly of actuators respectively oscillation excitation elements at the
transducer. According to the embodiments of the invention already described
above the invention proposes that the main direction of extension, i.e. the
direction of the axis of the minimum moment of inertia of the transducer, and of
25 the tool is identical. The transducer is excited to oscillations by oscillation exciters
respectively oscillation excitation elements, such that a wave form develops at
the operating frequency, that performs a fundamentally rotational movement at
the mounting point of the tool and thus excites the tool in a node of its waveform
to perform a torsional oscillation. In an embodiment according to the invention it

30 s proposed that the transducer respectively transducer body consists
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PCT-EP2009-063000 each side and one each in the upper and lower half. The actuators located on
one side are preferably driven in antiphase. Hence the actuators located diagonally opposing each

other are driven in phase. With respect to orientation and construction th&%&gﬁgm be
categorized as a single-piece body 5vertical transducer. The invention provides for other embodiment

comprising combinations of a vertical transducer with two coupled areas and the single-piece body
vertical transducer. These combinations enable the bonding tool in the mounting plane to not only

oscillate on fgigaigiRiianufttals esuprdittelas phthpreférabiip metéashapedapoalgdifianbitrmgvement

component perpendicular o the mounting plane. The inventign alsp relates 1q,a pracess for producing
bond conne@glf'???seﬁ%#e?ﬁéﬁﬁ E@?ﬁ&?%%%s%%rﬂﬁe\yl&)?ﬁgﬁ\'ﬁgq 1 iér(]:eér“la.%.'oprfa‘gtig %gr)?[seg?'gtrﬁer parts that
could be welstagdmredy dsicnds sletd ercitel: by cad gos df ciscilatiad exditens nerpectively strip material
and contact points.of substrates such lectri [1(o30]] [ [ steps:
Providing a 88%%%0{68 ,Cﬁ)arag\'/?gir%gp??r?ﬁﬁeg r%@%@r?s?’ L?é{g? ?g% l:r@é% t%gggﬁg%gﬁﬁjﬁeof the bonding
tool, whéreirtabkastilistasiintthagulanerof dheppiete shapast bedyoBralstiablertirasiiene oscillation

exciter ComplisaaBiIRSARRNSR EIREIPBIeRISHICINA O LR S SRIVECREIY BRUFRARINIVE the

piezo element pre y a voltage source to connect an 20alternating electrical voltage to the piezo
element, an@EEPRGRPISEEBeOIIHasRHelthadsmnsHicy U aganadielie BI8RRIA conductor to

be bonded by maais & & RARBAI BRI BRGERIN BrY/ih RS9 e BERtEMgNEuabove it is

the objective of the invention to further develop advantageous embodiments of sucp process for
producing bévwedaseniabeat ggnnections by force closure, form closure and materia

10 continuity are possible alternatively or in combination. The driving of actuators
opposing each other is preferably in phase. In one embodiment according to the
invention at least four actuators (oscillation excitation elements) are mounted to
two opposing outer surfaces of the two coupled areas that extend parallel to the
main direction of extension. Within one area the actuators are again preferably

15 driven in phase, whereas the two areas are driven in antiphase (phase is
preferably 180°).

With regard to the direction of the main direction of extension and the
aforementioned design this embodiment can be categorized as a vertical

transducer, featuring two coupling areas.

20 Another embodiment according to the invention described above features a
transducer consisting of a plate shaped body that is excited to oscillations by the
oscillation exciter respectively the oscillation excitation elements that are
mounted on two outer surfaces opposing each other and parallel to the
transversal axis of the transducer. The tool oscillates, in contrast to the

25  transducer consisting of two coupled partial bodies described above,
perpendicular to the plane of the plate shaped body. This provides the
opportunity to mount two actuators {(oscillation excitation elements) on the outer
surfaces in the upper half of the body and drive them in antiphase. One
embodiment according to the invention comprises four actuators (oscillation

30 excitation elements) mounted on the transducer, particularly two actuators on
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The objective is accomplished by the invention firstly and fundamentally in connection with an
embodiment wherein the oscillation excitation of the bonding tool the ultrasonic energy source,

preferably the voltage source, preferably its PCT-EP2009-063000 ultrasgpi _#r%bg\in_ﬁ is chosen or
adjusted such that during operation, preferably with connecting to the alfg%jg Ing vo tag36§ﬁe main

direction of deformation of the oscillation exciter and/ or the main direction of deformation of the piezo
element is oriented transversal to the polarization direction of the piezo element. 5 The effects and

advantages ghtisicle bpdinantach iafiie nppdamny dopasitnalfrhhe detietqraltatded gertaining to the
second embodiment according tp, the .invention,. The invention also relates to a pracess for producing
bond conne%glg?e%?ﬁ@%g&&%@\’eﬁgdﬂiggpggﬁaﬁbﬁ ence% ?/ld?rtteo?%g 8naﬁ%or strip material

ea
OFs made 0
10and contadiggoinéwbppbsinatessluothas atecdricahdinqliasevidithedstieotiltgopienietionteps:

Loand Yonetly Opposing _ _ eps:
roviding 2 BAYARIRALARS AR LiaGdR A s LIRL dariaRon G RRIBIaR Al Ponding too

and oscillation excitation o onding tool while pus against the el
bonded by nvesticabiranssiugery tool onto a contact point. 15 For the advantageous further

development of such process the invention proposes, that for its oscillation excitation an oscillating

torsional moRRhiSARBIFEHLR i hanaing terididitdaaniRingRiRRaRdRRGL cal axis of

rotation of the torsiona ment IS oriented transversal to the tool's longitudinal axis. Alternatively an

advantageosHigal dramedieprvath brare pplrd ske2o00 i ginglerPiplR RSN Ketkisakor its oscillation

excitation angssiigies s MOMARAEHaBIEIAE IR ol ARXAGlIRmis MRRAleE to the
bonding tool at the tool holder. In order to hold the bonding tool at the bondi{ng device respectively at

the bonding MiRNY eeFiBlaaaRIEARB MG #3 BRfrich 2 R GPEY BntP REEAERECts and

ahdvar?t%@es Sh iR diBeshs 2orefriasagskaRsveiaAskes ey otheieyprmations pertaining to
the thir

The invention also relates to a process for producing bond connections
preferably, i.e. not necessarily {(other work pieces i.e. plastic parts or other parts
that could be welded by ultrasound), between electrical conductors made of wire
material or strip material and contact points of substrates such as electrical

15  circuits, with the following process steps: Providing a bonding tool, providing an
ultrasonic transducer for the ultrasonic excitation of the bonding tool, wherein the
ultrasonic transducer comprises at least one oscillation exciter and the oscillation
exciter comprises at least one piezo element, providing of an uitrasonic energy
source to drive the piezo element preferably a voltage source to connect an

20 alternating electrical voltage to the piezo element, and oscillation excitation of the
bonding tool while pushing against the electrical conductor to be bonded by

means of a bonding tool onto a contact point.

Wit respect to the statements above it is the objective of the invention to further
develop advantageous embodiments of such process for producing bond

25 connections.

The objective is accomplished by the invention firstly and fundamentally in
connection with an embodiment wherein the oscillation excitation of the bonding

tool the ultrasonic energy source, preferably the voltage source, preferably its
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embodiment according to the invention. Preferably the process may be performed such that the
oscillating torsional moment is applied at the location of a node of the bonding tool.
PCT-EP2009-063000 From the above it can be concluded that for the ensgy, @%stq?ooscillation
exciter or the oscillation exciters preferably but not necessarily a voltage séurce ‘can be chosen.
Alternatively e.g. one or several current sources or other types of energy sources (e.g. a magnetic
energy source) may serve as energy source for 5the generation of ultrasonic oscillation (i.e. as

ultrasonic engfenssaicr aeuBeribe, eootRderf thadiiffsens echithdirdaritsyagenstiog, tpréferabigntion the
erm oscnlatlo&/excner I?ﬁi ined mgenegﬁl aﬁ ﬁhold r with .at least.two ?ga%:hedaggﬁllcl)?tlon exciter

elements, i.e¥ Wtﬁ"&ﬂ%% &a4wr Ghafe 228N c%ﬁege]%r%llyeb%r@ased ona
piezo-electritiad werhiatippraaijier Ghiunpletime math alirétiampiszdetdemattnaf dneapigagnetostrictive
working principle. The afor Toly) I | q ' [ mprise an
ultrasonic tra‘taril% L?geﬂsrgg%ggggf? g%%r’%daﬁnqgg ZE%TBQF%%%i@ﬁ)ﬁ(‘aﬁgﬁﬁﬁgﬁ% tﬁéegmé}ﬁémentioned
and/ or Subséhesfitetscadibdszntapassf this gmhediviient arepiefrreedeshabodrpmaiticeme invention

wil be explajpendn RIS BLMAR ARIRES Lodhi Bhbiarinbalesdiiteioshen: Fig. 1a side

view of a preferable odiment of a bonding head of a bonding device according of the invention;
Fig. 2a magiivedtistspective view of the transducer shown in Fig. 1; Fig. 3a side view of the
ultrasonic transducer in viewing direction IIl according

The invention also relates to a process for producing bond connections
preferably between electrical conductors made of wire material or strip material
10 and contact points of substrates such as electrical circuits, with the following
process steps: Providing a bonding tool and an ultrasonic transducer for the
ultrasonic excitation of the bonding tool and oscillation excitation of the bonding
tool while pushing againét the electrical conductor to be bonded by means of a

bonding tool onto a contact point.

15  For the advantageous further development of such process the invention
proposes, that for its oscillation excitation an oscillating torsional moment is
applied to the bonding tool at the tool holder, wherein the geometrical axis of
rotation of the torsional moment is oriented transversal to the tool’s longitudinal
axis. Alternatively an advantageous further development of the process

20  according to the invention is that for its oscillation excitation an oscillating
torsional moment and an oscillating translatory excitation is applied to the
bonding tool at the tool holder. In order to hold the bonding tool at the bonding
device respectively at the bonding head a tool holder holds the bonding tool
preferably at its upper end. The effects and advantages of this embodiment are

25 referenced above particularly in the explanations pertaining to the third
embodiment according to the invention. Preferably the process may be
performed such that the oscillating torsional moment is applied at the location of

a node of the bonding tool.
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20to Fig. 2; Fig. 4a magnified cross sectional view of the ultrasonic transducer along intersecting line
IV- IV according to Fig. 3; Fig. 5a perspective view of the transducer body of the ultrasonic transducer
shown in Fig. 2 25Fig. 6a side view of the transducer body in viewing dir%@gﬁé&@g@égm to Fig. 5
with a partial cross sectional view at its lower end; Page 15 of 38 Fig. 7a side view similar to Fig. 3,
which shows exemplary and schematically simplified areas of piezo elements with deformations of
various magnitudes; Fig. 8an example of a preferred holder of the ultrasonic transducer for the
Sattachmentfabinetizoabiove itezmh bs aonaltetedtihatdordbdieremgioseipp!y; df ithedaspitiatmctive view of
an uItrasonlcetxrg.l esrOI o &reac?scéjlﬁ%%tgfa?ers preferably but not necessarily a voltage source

can be chosen. Alternatively e.g. one or several current sources or other types of

energy sources (e.g. a magnetic energy source) may serve as energy source for

5 the generation of ultrasonic oscillation {i.e. as ultrasonic energy source). in the

context of the different embodiments according to the invention the term

oscillation exciter is defined in general as a holder with at least two attached

oscillation exciter elements, i.e. with at least one actuator, wherein the actuator

can generally be based on a piezo-electrical working principle (if implemented as

10  a piezo element) or on a magnetostrictive working principle.

The aforementioned processes according to the invention preferably comprise an
ultrasonic transducer respectively a bonding device that exhibit one or several of

the aforementioned and/ or subsequently described attributes.

In the following preferred embodiments of the invention will be explained in more

15  detail with reference to the illustrations below. They show:

Fig.1 aside view of a preferable embodiment of a bonding head of a bonding

device according of the invention;
Fig.2 a magnified perspective view of the transducer shown in Fig. 1;

Fig. 3 a side view of the ultrasonic transducer in viewing direction Ill according

20 to Fig. 2;

Fig. 4 amagnified cross sectional view of the ultrasonic transducer along

intersecting line IV — IV according to Fig. 3;

Fig. 5 a perspective view of the transducer body of the ultrasonic transducer

shown in Fig. 2

25 Fig.6 aside view of the transducer body in viewing direction Vi according to

Fig. 5 with a partial cross sectional view at its lower end;
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invention with an inserted bonding tool according to a further preferred embodiment; 10Fig.10 a cross
sectional view along sectional plane Xa in Fig. 9 in slightly smaller scale and Fig.10b a cross sectional
view according to Fig. 10 wherein a momentary waveform is indicated inﬁ@pﬂ%@@_ég atic
manner by means of a dashed winding line. 15 With respect to figures 1 through 6 a preferred
embodiment of a bonding device according to the invention and a process for producing bond
connections according to the invention is described, wherein figure 1 shows the bonding device 1 only

i?] thbe azjea of i§ebondingibeashesichtiae figBigsR Wiiichgihbviepictmyigryifed Wehesraftmaiiponents of
the bonding head 2. In .a way not depicted 20here in %e;‘ta'l the bonding he is mounted at the
un_derside o_f a pulley §'Wm@/?‘i'saéﬁ3§r?£8 'Fcﬁ%t%?glren?g & %H‘%ﬁ&mq%%\?/%g qu%rlﬂ%épthe vertical oriented
axis of rotation D. To peafmitadesptational movement in this embodiment a partially shown toothed belt
4 that engages with the teeth on the outer perimeter of a toothed pulley 3 may by means of a driven

pulley it is waun around and n%tgfs éPBf’fF%%I %ﬁ%q‘%mg,eﬁﬁqqyg on the angle

S 15
of rotation. I 54 |tionaé'rﬁ/)éag?gtemsan@%/ %}gép?foﬁ(?ed to move the entire bonding head 2 sideways in

varying flirections of aatiizctenmaipefithic bondinthbeads as atalientiveenbadimeheid 2 comprises an
elongated bonding toq_lia_thmat extends along a Page 16 of 38 PCT-EP2009-063000

Fig.9 a perspective view of an ultrasonic transducer according to the
invention with an inserted bonding tool according to a further preferred

embodiment;

10 Fig.10 a cross sectional view along sectional plane Xa in Fig. 8 in slightly

smaller scale and

Fig.10b a cross sectional view according to Fig. 10 wherein a momentary
waveform is indicated in a simplified schematic manner by means of a

dashed winding line.

15  With respect to figures 1 through 6 a preferred embodiment of a bonding device
according to the invention and a process for producing bond connections
according to the invention is described, wherein figure 1 shows the bonding
device 1 only in the area of the bonding head and the figures 2 through 6 depict
magnified views of components of the bonding head 2. In a way not depicted

20 here in detail the bonding head 2 is mounted at the underside of a puiley 3 which
is attached rotatable to the bonding device 1 around the vertical oriented axis of
rotation D. To perform a rotational movement in this embodiment a partially
shown toothed belt 4 that engages with the teeth on the outer perimeter of a
toothed pulley 3 may by means of a driven pulley it is wound around and not

25 shown here be moved a desired distance depending on the angle of rotation. In
addition drive systems may be provided to move the entire bonding head 2
sideways in varying directions of a plane perpendicular to the axis of rotation D.

The bonding head 2 comprises an elongated bonding tool 5 that extends along a
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center longitudinal axis W. At its upper longitudinal end it is inserted with its shaft into a tool holder 6
into a likewise vertical bore 7 of according diameter (compare Figure 6) and in there secured with a
clamp screw. At the lower longitudinal end the bonding tool 5 comprises BdQQ BE 4 push an
electrical conductor, 5made e.g. of wire material or strip material, with its lower face in a known
manner against a contact point of the substrate selected for a bond connection, preferably a contact of
an electrical circuit. In order to provide the bonding location with a wire or strip conductor the bonding
device compgise:plvrsitiemnehiaxis el Rwith wpgeidingyduaieal &rad isipinsertad Wit iis speft to the side.

In order 10 to stea e electrical copductor at defined points in time. during t q;gg ocess and
to be able to' f?eﬁ ?g?grb&%]ﬁ rot?ﬁl %8 3I‘e?€:?%3 coh 'u%lt%)P %?ggﬁ&%%rgggié%%%ﬁﬁ%s c%mp device
12, with two Eigome BpsriBiotestensogredotitbtherl amh scriewiny theelciver dirgudinal enidh their

unoccupied gn t i I I t i §eMge 10. The 15
generally kn&v%%ﬁﬁﬁ?ﬁﬁ@y%ﬁf&eﬂsﬁég %éﬁ?ﬁé@iﬁ@zﬂ%ﬁ@% a%p@%g\i%%f}?& not nPéed to be
explainell hemaitede ik Buite cortgrinl artsteperarierehbidtinitsdoen fasa iRAMPEVEEREIMRD a desired

position with fespRE(IQ e RHEBIAJERRASHSHAR LEidid Ter & Bondaciiftbaiidnyith suitable means.

The tool holder 6 is formed as a single piece to the lower end of the transducer body 15 shown in 20

detail in Figupeeferably 8.cpmtarbakan ciedties! PheHRdW prdss iadIrgds therRandintlectrically

conductive nstatigh(@ith atas BcidapiadicRierine pbMaingdelRsdangnirissliipd Riego element
holders 16 with a main direction of extension 17 e tendiré%ﬁ?ﬁallel to the 83&?5‘%?3 axis of rotation D

and the coineiiEt ARG oS ARt 1B HPYEEs 48 0egRd B&@fﬁnate area
of the migdledogsBdgr keMestiRmERiot Srdefinate pdiots indithethringltvadniriitdder, with each

lower end of which the two piezo element holders, 16 are attached sideways .interspaced to each other
(i.e. interspaeé%cﬁfﬁﬁ%‘ﬂ%? ﬁ% sVePé& 8‘%@%{9&%'?38%??@‘%?%??3)%%%%&%%&?. e%rf'?hnegtool holder
6. In additiorgthecsansd prieebadyatipcdevinesd, avitiaimogléonk 1€y oty Staingezacklement
carriers 16 at the bonding head 2. For this qur twy inin ining fork 19
contact each’ON& gﬁyg éﬂ%"rﬁ'é‘ﬁﬁ%‘?qé?“ﬁﬁ@&%%‘o&%@ﬁ%% %%@@%%%&%In{g%ﬁer area (with
respect to thbeadwieasitie teshtiptR eyt ieedimmensiod of the winenfege ceyicerEktéhsion 17) as a single
piece at,ts | itudinal Tolgin ' t&g}lﬁﬁ at extend
paralle‘?ﬂt éo th%\gn%‘lr% Eﬁr@l&%\gﬁ gﬁﬂgt(éh%uyﬁfﬁa@rﬁ‘gm%g{g%e g%kﬁrégagn@gfﬁ g 5I mate%qf%%:jge 22. Apart

from that thedees pielzbasidieche lesklairert re indeipic&pifore BRen ke pIddiLERMeIdLs 23, 24
and from the elaiging e by IRGRRSRENAHENSIP BofoRlvith FespRREIARE Himdpigining fork 19

comprises through holes 27, to mount to the transducer body 15 by means of screws 28 firmly to a
plate 29. ThéesRESINE]Y Bt RIting-AEw ataced Ahihwith suitable means. The tool holder

6 is formed as a single piece to the lower end of the fransducer body 15 shown in

20 detail in Figures 5 and 6. The transducer body 15 made in a plate-like form from
an electrically conductive material (e.g. steel) incidentally comprises two each
rectangular delimited piezo element holders 16 with a main direction of
extension 17 extending parallel to the geometrical axis of rotation D and the
coinciding or just minimally interspaced tool axis W. In each case in the

25  approximate area of the middle lower edge a connecting web 18 emanates from
each piezo element holder, with each lower end of which the two piezo element
holders 16 are attached sideways interspaced to each other (i.e. interspaced to
each other transversal to the axis of rotation D) to the upper side of the tool
holder 6. In addition the transducer body 16 comprises a retaining fork 19 to hold

30 the piezo element carriers 16 at the bonding head 2. For this purpose two

retaining arms 20 of the retaining fork 19 contact each one piezo element holder
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10 section 31 that is like the retaining arm 20 a component of the, to the underside of the pulley 3
mounted, assembly frame 32. In figure 1 this frame in depicted by a dashed line where it is covered by

other components. As depicted the assembly frame 32 comprises four SE:EPR %20})&"6@ 0
comparatively reduced frame cross section exhibiting a comparatively lower s% ness ar:% t?lat due to

15their flexibility serve as solid state pivots. The with respect to figure 1 left edge of the assembly
frame 32 is like the retaining arm 20 rigidly mounted to the pulley 3, whereas the frame section 31 to

the right inhVMWﬁsiiﬁﬁ@il@ﬂiﬂued@rﬂlée selid(siaterpiyrist iy théosxechdioat respebivedrfilened by an
actuator, that i t , i ive, h '
uator, that is not.shqwn, on the framtz siézflon 34 ma)éi e deflected relative ﬁ&%&%&é?r_a certain

distance 20 JEUFRFLALY &.B??JF&QE% a%bepc%?% Rard O%Pdet%ee%ton INg point. When the

force F is remoagitddinaliemde $ebiidhreIamid bﬁgiﬁb&iblmiamretememébbhmﬁidﬁ.trmeeb@mds 2 through
e S B NAR Sriigt R ek uBReHorE EanAsdar ek e bondig head

whic.h .is sh_oRﬁ{ are 1, wi onding tool 5 inserted 1n its tool holder 6. From figures 1 and 3
e.g. it is®vidmatehiat trislgea?? dikpatidiroon éxat theiovedisizhelemasbhildessnd e 35 may extend

P e I ASSIELIERLR BB W aldheapdtad o iR ARG R o

minimally inte rom the tool axis W of the bonding tool. Based on the mainly symmetrical
construction & thengmasorfioarsewdiets 20 26, Ksithdreariargr tbrdstaiBingiRikglidinal axis of

symmetry S apattifion 3o RGTHERIWIE-RE3BINE lcsidaus diselagamenteampare AX in figure

3), also coincides with the geometrical axis D and W. The ultrasonic transdugg:@r 35 that is shown

magnified inSeres 28 firmlyie Acdateastd RePlatgRBASiRgIRLVIRGrews fNted parallel to
each offger. Easliupseill AN S SRS FEAMAG SR M I LEIMuYR picTats EmBaUnddeidd 6 as well as

each two plaéfetﬁga&u?%yi% trngi&nr?&ii? gsirs%?ntig(;/ ?r];me 32. In figure 1 this frame in depicted by

a dashed line where it is covered by other components. As depicted the
assembly frame 32 comprises four sections 33 with a comparatively reduced
frame cross section exhibiting a comparatively lower stiffness and that due to

15 their flexibility serve as solid state pivots. The with respect to figure 1 left edge of
the assembly frame 32 is like the retaining arm 20 rigidly mounted to the pulley 3,
whereas the frame section 31 to the right in viewing direction due to the solid
state pivots by a force F that may be performed by an actuator, that is not shown,
on the frame section 34, may be deflected relative hereto for a certain distance

20 downwards to e.g. press the bonding tool 5 downwards onto the bonding point.
When the force F is removed the frame section 31 will elastically return to its rest

position.

The figures 2 through 4 show the transducer body 15 of the ultrasonic transducer
35, as a component of the bonding head which is shown in figure 1, with the

25  bonding tool 5 inserted in its tool holder 6. From figures 1 and 3 e.g. it is evident
that the main direction of extension 36 of the ultrasonic transducer 35 may
extend parallel to the geometrical axis of rotation D of the bonding head, which is
coinciding with or just minimally interspaced from the fool axis W of the bonding
tool. Based on the mainly symmetrical construction of the ultrasonic transducer

30 35, as chosen in the example, its longitudinal axis of symmetry S, apart from a
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extension (compare figure 3) rectangular delimited piezo elements 38, from which the two
corresponding piezo elements that are each assigned to one oscillation exciters are bonded planar
onto the two opposing and parallel surfaces 39, 40 that are facing away Berp_ E85hhethss08h the
according piezo 10 element holder 16 across the entire contact surface. Figures 2 and 3 show that in
this contact plane (i.e. parallel to the drawing plane of figure 3) the delimitation respectively the shape
of the piezo element holder 16 and of the piezo elements bonded thereon is identical, wherein an
accurately figinglpsidaligpedibpladingdpiieaaphreran ithiigeswdls dhed atindidesnwiih dhection of
extension 41 of the 15piezo elem is Qriented parallel to t ometrical axis of rotation D of the .
bonding heaﬁ%@#@%‘&%@?@ eﬁ%%fg&%%%@%@g&%& r%%ﬁ?g sshs'ahﬁ)é"’(fl bne%gl'}'sﬁe%e ﬁ1eir
dimension inrtfigonedropianagh dxtengivisew hich nsighpariadte bscillatidresvicitepsadie aridigare 3, is larger
that the thickness of,the herefo pegpendicular. f ' I ffi extendin
plane. In fig Lﬁ%raﬁﬁmqemz%agglgfﬁ%%k% 8{}&&@?@%5%%%?2)’? gﬁﬁn@r%%%qgg?vge%paﬁ%% t&@gﬁ:%eég with arrog\’/vs
that are farkéimeith hbkdessctéraswaliraP sasictwonelalecsshanegola thaitionain einestian 6f each piezo

element 38 eiendp RORRNNIAU AL IS RIBLE RIS ALHARIBMLIR U AERRS SRR piozo elements

38, that belongs to the 'same oscillation ‘exciter, the polarization directions are oriented in opposing

directions 25upiah thefue eorsasRowiag Merpthlananls betrre ARBHARBIBNSEIIRPNS figure 4 the
polarization diugqtinps Exeiidis HeHORIRBPIRFSANAWND ERRAGHEPHRE ipuiiep direction, left

oscillation exciter 37 extendﬁg;rpendicular away from the contact planes 39, 40, i.e. to the outside. In

contrast her8t5TaRED AR 1A @re dasig BWRYHEORIECE OtheR ST ARROCLURAIRIRAD exciter located

to thedr_ight SQdﬁﬁémqﬁﬂ%égP tzaotaer&wtméﬁta@tmhw@tl@uﬁaw p@@hgsezmwtwlmngﬁg;agg%g gcf) the
according contact pane 39, 40, i.e. to the insjde. The ultrasonic fransduger, PCT-EP2009- in
the shown e%ﬁﬁ)‘?@t@(:&f?}ﬁ'ﬂfcgéﬁ'tf]%{%{éﬁé&%‘éﬁ%@'ﬁg B Bﬁgilfﬁﬂﬁrﬁ/\%@?& A ctors 43

coming fronvasjbynliggerrostiapdhsfttaceptermedseatbint halddel rahthef tive pitacteenagtteir ends by
e oy Bondel RefedR AGIREAIARTENT SRBESILER ARG ST G-BABBARRGIRT on the roh
present. From this results that also the main direction of extension 41 of the
15  piezo elements 38 is oriented parallel to the geometrical axis of rotation D of the
bonding head 2. The chosen piezo elements can be described as plate shaped
because their dimension in the main plane of extension, which is in paralle! to the
drawing plane of figure 3, is larger that the thickness of the hereto perpendicular
and parallel to the drawing plane of figure 4 extending plane. In figure 4 the
20  polarization direction of each piezo element is given and depicted with arrows
that are marked with the reference sign P. As can be seen the polarization
direction P of each piezo element 38 extends perpendicular to its plate plane.
Also shown is that at each pair of piezo elements 38, that belongs to the same
oscillation exciter, the polarization directions are oriented in opposing directions
25  with respect to each other. In further detail of the embodiment shown in figure 4
the polarization directions P of the piezo elements 38 of the, with respect to the
viewing direction, left oscillation exciter 37 extend perpendicular away from the
contact planes 39, 40, i.e. to the outside. In contrast hereto the polarization
directions P of the piezo elements 38 of the oscillation exciter located to the right
30  with respect to the viewing direction are oriented each perpendicular in direction

of the according contact pane 39, 40, i.e. to the inside. The ulfrasonic transducer
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5 piezo element holder 16. The symbol shown in figure 4 denotes that the voltage source 42 is an
alternating voltage source. Alternatively other ultrasonic energy sources (i.e. energy sources for the

gener.ation of ultrasound), e.g. an alternating current source may be utiIi%_E&&ggs%%&dditional
electrical conductors 45 and their solder joints 44 pairs of piezo element holders 38, which are bonded

10 onto the neighboring piezo element holders within the same plane, are connected electrically
conducting. In the example selected here also the respective bonded joints between the piezo

elerf}enttS_ 3?|iﬁﬂﬁ§%@éﬁi@_>@lﬁm@nb kfg@!dﬁé%tbalﬁfealm@gagacgumdeeﬂecbmﬂ' yatingwetive, alternatively
an electrically not conducting bonded joint would als ossible. The piezo element hold 1516
are, as |abe|8l?6§'9?é%fﬁéj%%8@&ﬁé@f&%%éﬁ'@?e@g%ﬁ%%‘@%un%[)ead. e %geépaf(r)rﬁee;?ternating
voltagedwith pesalbst andmhghiftlatzntl ph asihgiiseruizney reddoseathobd¢h jofoty pldedwlements 38
perpendicular.to their plate plane,.when the yoltage rce 42 j e e fig h th
ultrasonic tram%ﬂcéi?rggrfﬁg Wg%gﬂﬁﬁa 8(% %r rthﬁgl%q%@de t %%r:é?é%ﬁh%ﬁ%\{,\y tggﬁleg@g%%:@f;ﬁm:d
off, figurs 7 fplezoreleamisoheiectsts Fresrmpiobty shovplifiodigure demoies el thaotiagens of the
oscllation Xl 1120 BRRRANAVAIBGLL0KDS BRemARVSG NI RtRISERiEleAligy effect with

the voltage source turne ed padint in time, 1.e. during application of an alternating

electrical voleayeontiii £ ex@iproynes fenihie aenosiien ALl asmad) (e-dhanallemaiens. For

simplification, e, small AeformpliansihalRisy RradvIHR@tRMSN shanieainiadadicly 46 not shown.
Shown is the overall deformation of a so-called main mode, wherein for the purpose ggm calculation
WA 5 RBSoE:

the surface éMAdhGE A9 ERMIRIALE 48 9@@%@%@‘@&8&%&%‘8@@%{?,% om the

diagra%lilie#%q?g?@igwéh Tﬁg%rgtc%@épﬁoaggggé@@,@/mﬂqﬁiti@@?ﬁ@/ﬁ%ﬂ@,i?mgalIest along an
approximately central zone, - )- connecting the longitudinal ends 21 of the two
retaining army@PeecRd %?g@&%&ytﬁeﬁwm%i{ndh%?éﬂaﬂﬁ gﬁgﬁ‘ gtﬁgfgrﬁn&%ﬂ?n comparison with

figure 3 it capsBpedaaslysegsditihts sthzeeibapRrizolSliémiradSs wikdh thespeatd@lbmentwing
direction, WltItu]otl %x%ﬁéoa?elzerrrlnaer%f%%mreé %?S(t;?ﬁcg]@%%e ur(]:tii\ig,' gl]t%r%% iU%HPQn electrically
not conducting bonded joint would also be possible. The piezo element holders
15 16 are, as labeled by the reference numerals 46, each (or together) grounded.
Thus the same alternating voltage with respect to magnitude and phasing is
connected to each of the four piezo elements 38 perpendicular to their plate

plane, when the voltage source 42 is turned on.

While figure 3 shows the ultrasonic transducer 35 and the bonding tool 5

20 mounted therein with the voltage source 42 turned off, figure 7 for comparison
depicts schematically simplified and exemplary the deformations of the oscillation
exciters, the tool holder 6, and the bonding tool 5 caused by the piezo electrical
effect with the voltage source turned on at a defined point in time, i.e. during
application of an alternating electrical voltage with an exemplary frequency and

25 amplitude chosen for the calculations. For simpilification the small deformations
that also occur in the area of the retaining fork 19 are not shown. Shown is the
overall deformation of a so-called main mode, wherein for the purpose of the
calculation the surface of the piezo elements 38 was segmented into fields 47,
delimited by grids. From the diagram-fike illustration it can be seen that the

30 relative positional deviation is smallest along an approximately central zone,
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5exciter 37 located left with respect to the viewing direction, undergoes a contraction respectively
linear shortening in the assigned main direction of extension 17 respectively 41, by the applied
alternating voltage during the considered point in time in comparison to tB&.}dll_fpa &Q% voltage
applied (see figure 3), while the neighboring Oscillation exciter 37 to the right, mcﬁ%ng 10 its two
piezo elements 38 and its piezo element holder 16, undergoes a linear expansion at this point and in
time in this direction. Despite the electrical voltage being identical at all piezo elements at any given

Iooin:rin t_i?eébﬁﬁwiﬁgimﬁgmiwmnmm eaaitinp amsa2ararshifiesslyshalf a phase
ength with respect to each other caused by the different polarization directions.as,15,d ibed
above. The rﬁﬂ%@\‘gl%ﬁﬂjté@@ﬁﬂ@ﬁ?iﬂ?‘?epdﬁ?&gfﬁ?rﬂg&t%ina g%%)sag 8%“5%”36 uﬁ%%”;lfﬁlgegéalues the
according reladivpngitoartitibtienpiéibeceanisotdiartibtieth evitheaspasitotmowewinye applied
shown in figuge 3..Due tg the opposing ch an | arall o] xciters 37 the
tool holder 4 'ES?ES%&@& % ESHBeZPd%%sTaet%e?%%ﬁn% %o tg%ogrg%géewé) Egls’ E%O%%ﬁt%%} |g%ﬁe 3, lifted at its
left longitudieakied 3hbhtabest teftavits ragivectigithei vigwing, dirgstictatniBraagseat to the pivot point
Pm a torsion in.direct : [ i ' eskb-abihgfupper longitudinal
end of the bgﬁ%ﬁg@ﬂ%ﬁ%ﬁ%ﬁfﬁ%ﬁﬁﬁ% t@gﬁhﬁl\g%%\%ﬁgrﬁ;% tmhéagglm,etriﬂqaslfaxis of rotation of
the torsion eeasianddgrapecivaly B betberrneling eitanaatingwaliags e tfgure 7 and in so far

also perpendislanodhipdangituminah easprsipR sl BaRoRsinaee W uhGYldpprictiezo elements

38 are connected to the same voltage the desired opposing change in length at the two oscillation

exciters 37_ié%f@%ﬁ,%eﬁ’&“%ﬁﬁé‘ﬁiﬂﬁ?&ﬂﬂ%@&ﬁg o9 BXSHE36it HhE BRI 1aA8A Y riented in
opposifg dirgstiRasoaeiy efihibatives esrillalior20 sxpiers RaldBetersadbryovroaiindarand leading

sign of the alternating voltage, whose fre IS i
m%gnitude, 9@?@#&%@'@?&% and in%n%g% !tﬁig]cmgctflljgrﬁsﬂgécp{t%qﬂ% éiéuc?ntggl rJlocf{ggeg tary

being identical at all piezo elements at any given point in time the two pairs
perform oscillating deformation oscillations that are shifted by half a phase length
with respect to each other caused by the different polarization directions as

15 described above. The numeral values assigned to the different hatching styles
show as comparative values the according relative position deviation of the areas
compared to the idle state with no voltage applied shown in figure 3. Due to the
opposing changes in length of the two parallel oscillation exciters 37 the tool
holder 48 is, compared to the idle state with no voltage applied as shown in

20 figure 3, lifted at its left longitudinal end and lowered at its right longitudinal end,
such that with respect to the pivot point Py a torsion resuits in direction of the
arrow 48. The pivot point Py is located at the upper longitudinal end of the
bonding tool 5 that is attached to the tool holder, wherein the geometrical axis of
rotation of the torsion extends through the point Py perpendicular to the drawing

25  plane of figure 7 and in so far also perpendicular to the longitudinal extension of
the bonding tool 5. Although all four piezo elements 38 are connected to the
same voltage the desired opposing change in length at the two oscillation
exciters 37 is achieved, because the polarization direction P of the piezo
elements 38 is oriented in opposing directions between the two oscillation

30 exciters 37. Because the magnitude and leading sign of the alternating voltage,

whose frequency is in the ultrasonic range, thus the momentary magnitude,
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constantly changes, which also results in a change in length of the oscillation exciters 37 at the
corresponding frequency, wherein inter alia at certain points in time both oscillation exciters 37 exhibit
the same length and inter alia at other points in time exhibit the length raB%%%@%@ﬁS-ng to figure
7. This results in 5an excitation of oscillating rotational movements of the tool holder 6 around the axis
of rotation extending through the point Pm, such that at the point Pm an oscillating torsional moment M
is transmitted into the bonding tool 5. Thus the bonding tool 5, as shown in figure 7, is excited to
perform a torxnsalMBcilaicyed; orttcalansesuiglired cilanghweribth tobibd asgilladionl axis W at the

idle state 10 with) no applied voltage as it.is shown in fiqure 3..The center_pai the. jonal
movement iSefbcdt]aglésdgfnatﬁ%q,gperéﬁggqé{gqﬁq%{qp%é‘\égﬁg &'s0- cﬁlgggr%(éko%h@éj}genform. The
tool tip 9 in dimisdxitedsbiliatoprenditers&T dadhiiti tnepsapenidinglhandiidectdiceatethise, i.e. it is
located at a sQ:called.antinode..ln t t dlati | 4ig; dnainly
15perpendicﬁ?érr(%%) %1%%?00?%%(%‘%%ﬁ%@ggﬁﬁ?}%&a@m@%@m toré ?ﬁa?@g[g%}en t%lnrged onto a
substraté (nerstxwitatienof witilkatiogl miaticnel coavetenis aidbaiaatdpides Scaritiktisative to the

substrate thﬁ&%ﬁ%&%&h%&%ﬁ&ﬁ%@?%%%ﬁ'ﬁmﬁ ARAUOIARG B itherpdntion shown in

figures 3 and / the 20 voltage source 42 (which is not shown in figure 7) is tuned to the entire
oscillating syeseialing tersiual mamest M iaisansmitindinia hebendirdiiedoralRUSdlGency such that

with applicatipihghig eoalte NAlIssHAoAJIR Tersititad deismatin inesohdiafsbduenoscillation
exciters 37, which correspond to the main geometrical dﬁ\format'on Lines w 0] g]]e.ﬁtgzciﬁ lements 38,
extend 25 parReRRERRIISOAEE I ArRIsashoNYe A8 {asIsH Bngis Rt &S8R RAT geometrical

deformggion WS Sdlicarveragediatiesmaimdirdigize 8f Tnéocaratiopdimicstineependent from the
i plane through the

leading sign. In fg)ur 7 the axis of [ota ion exﬁjﬁdin? Fergendic r.totI (raed%wéﬂ% lane
point PM is FR{AHRARONSRATHE tBraGH-PhOIRAMIISR FlRE b Ins S Rfing toal 5 with 30
respect to thigiedsriedaarkek witietifornefaieatectign 9/in BEitr&sP 2RDHIEE3EOONOUNCced
deflection perpendicular to the reference line, i.e. it is located at a so-called
antinode. In the course of the oscillation cycles the tool tip 9 moves mainly
15 perpendicular to the tool axis W. While pressing an electrical conductor that is to
be bonded onto a substrate (not shown here) with a tool tip 9 the conductor is
also excited to oscillations relative to the substrate thus creating a bond

connection.

In the embodiments according to the invention shown in figures 3 and 7 the

20  voltage source 42 (which is not shown in figure 7} is tuned to the entire oscillating
system with respect to the generated alternating voltage and its voltage
frequency such that with application of the alternating voltage the geometrical
deformation lines 49 of the two oscillation exciters 37, which correspond to the
main geometrical deformation lines 50 of the piezo elements 38, extend

25 perpendicular to the polarization direction P of the piezo elements 38. The main
geometrical deformation lines 49, 50 correspond to the main direction of
deformation that is independent from the leading sign. In figure 7 the axis of
rotation extending perpendicular to the drawing plane through the point Py is .
marked with A and the torsional moment transmitted into the bonding tool 5 with

30 respect to this axis is marked with the reference sign M.
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Figure 8 shows the discussed ultrasonic transducer 35 mainly in a cross sectional side view in
connection with an assembly frame 32 that has a different design compared to the one shown in figure
1. It can be mounted preferably to the pulley 3 shown in figure 1 by mea f V gg&jbection 51
that is only 5indicated here, i.e. it can be inserted into the bonding head %EC‘)P\;V%}D%B |gvl§]re 1 instead of
the assembly frame 32 that is shown there. At the ends 52 of the lower cross members that point to
each other the assembly frame 32 is attached to each one piezo element holder 16. This attachment
may be dongigirgBkiespe tivelsassacingteaptmte pamgtiuser8tahainly byaonpssitable means (e.g.

10 through bonding, ,screw connection and the. like). In a preferre ' C ing to the
invention wH&te W%&S %E‘FIH%%\%HSC %?Q%%'r?g gl\'lsith %?‘n‘df’es %%@é’ zﬁrt%%eg %%ﬁéﬁ%@@ggﬁﬁce numeral
52, the combiesitiorcofriparéch s theenbahpd® imtigassemigdrabeeraouistadspigierebiyiponent. Based

on he ustryion g i 1R 0 0P PAER 3R iR e o 16 would 15

then be chosen 1o b€ identical to thie hatc e assembly frame 32. The connection in each case

takes place indicatetrherendieu iticandre nsettrddsialihsobosing lezd shans [B\dgwRtle material
bridge 22, sy 4h1ch SRPASSUMTERIRIAR'ak ha (BamBie flgnce Al fcpRoBIETdningfower cross

member 53 paired sections 33 with reduced frame cross section and that serve as solid 20 state pivots

are provided:reagimenhininghat peinhiasaait eapstrasrsembly rmeAtcls atlesiirddsa. Thus a

single Dieceééﬁi?ﬁgH@gﬁ% dlslperampiadersed s ademndat magnainhasiitdgmering of the bonding
tool 5 by means of a downwards oriented contact force F. The contact f%gf F maX géapplied e.g. at
ADIPRERIESE

the material FAGEYSNLESSRSINTIR RIGGR08 W LSRXRER! IBRESIN: UMY fh figures 9 and
10a, 1Qp angihsuigh Biertaeee sdredieniedtion ditbgunikepns dussfdsatendotinierthe invention is

atrbutes th8ERANG A T B ORI SO BV S8 B bt oLrLO8 Tt S s0boncing
tool 5 is insetieddedtidhe witrassioie e adieanB52 Ahe atiadbiadtiontoPd {EP@I00edEBOF0 (compare
e e B P RIR SR Gl A B A fiseposes o
shown in figure 8 the hatching in the area of the piezo element holders 16 would
15 then be chosen to be identical to the hatching of the assembly frame 32. The
connection in each case takes place in a central longitudinal area of the
oscillation exciters 37 on the level of the material bridge 22, such that a separate
retaining fork 19 (compare figure 1) can be omitted. In the lower cross member
53 paired sections 33 with reduced frame cross section and that serve as solid
20 state pivots are provided, each adjoining to the ultrasonic transducer 35 and the
vertical members 54. Thus a single piece transducer parallelogram is formed that
allows for a certain elastic lowering of the bonding tool 5 by means of a
downwards oriented contact force F. The contact force F may be applied e.g. at
the material bridge 22, as shown in figure 8, or at other locations of the

25  transducer.

In figures 9 and 10a, 10b another preferred embodiment of an Ultrasonic
transducer 35 according to the invention is shown that is different from the
previous figures. For ease of presentation with regard to according attributes the
same reference signs and numerals as above are used. In figures 9 and 10 a

30 bonding tool 5 is inserted into the ultrasonic transducer 35, and attached in it
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the insertion of the bonding tool 5 and a threaded bore to screw in the clamp screw, a rectangular
cuboid made from a single piece of material. In the shown example the ultrasonic transducer 35
comprises a total of four oscillation excitation elements 55, each one pl%%?@o@ﬁég %P;ment 38.
Two of these piezo elements 38, are arranged one behind the other with réespect to the é)lrection of the
longitudinal axis of the tool W, and bonded planar onto one side respectively onto the same surface 39
of the transducer body 15, wherein the 10 piezo element 38 that is facing the bonding tool 5 comprises

an opening fRithp4iamBraERieS. 108, therposiegrsLsfacel4ththetrisve 8leTisingtiaguaniallel to surface
39 two additional piezo elements 38 are bonded that are_aligned to the aforemention iezo
elements Wiﬁ?&‘ﬁgﬁrﬁqﬁé"ﬁ%j‘égﬁcﬂﬁrﬁpg YEPThe qyaﬁ%%&'é SRP fé? ﬁc}Weae@%rr%gI%%f figures 9
and 10 comghis@ssertiy®oé thieboridiatetoehs laoid er thede gdreot 6liossenew dicieenclaoaly simplified that
the ultrasonic transducey 35 with the attached bonding tqol 1bj asGlllati with a
waveform in%ﬁ@%&ﬁ%ﬁ{a%ﬁvﬁ%@iﬁ?@g %Co?ﬁé?ﬂbnt(a)cﬁq r%&%&p\‘ﬁ/ﬁv %@fhﬁe?ac a#%ﬁﬁrﬁg?ggc%ﬁ that causes a
rotational oseﬂmﬂpgemmmmmWadeummmiﬂ@@@iwyl@mmlfaﬁ@of rotation A, that
extends througl e, nae oA 20IEYR| G RPUALBRHAAIS PG BREHESEC T dipiisg: plane of

figure 10b. In'so %a}llr also an imaginary respectlég})f geometrical reference plane E in figure 10b that is
perpendiculpieaaiaiemnantn 3Bl are aTagaed 0o RebinghieiathanwibngaResiioig of the tool W (i.e.

the longitudigalgifes e IRRANd. 8 iRt si bdhheaqmAmABRR eclaateall four

oscillation excitation elements 55 (i.e. all 25 piezo elements 38) are arranged sideways interspaced

with respectresperiivplvoplarbesanssuinase inaitbe femsdisenbrdyaliohe" Sion plane of the
piezo glgmepis3talbigbAt 3O mahva ey eRPBsHYME Wl Bdem shiestiansoPevitgedoe tipr piezo
elements 38. On the left side with respect to the viewing direction the upper pi element 38
comprises aSRBRSSIRN BirlPaite PRAIFHY ﬁUlﬁ?&%ﬁ}g&ﬁBfﬁ ﬂ&g\ﬁf&@ﬁ éjﬁiltgas the lower piezo
element 38 ¢oPfaESSY BROITHIRGAA piesiiereménts PBiats tmmdedbttiat arsfaligndd. tothie opposing
PCT-EP2009-063000 side the upper piezo element 38, comprises a polarization direction P that points
towards the &tEReDEPLRY Bﬁ%%%ﬁ%’%?é{}% g@%ﬁ?%gi%%%r R eg%)o alr?z%é%%h%éction P that points
away from theassdizes #0d distivethasextdmpib efdiilteschantitOtmygidsasnehiyldee Preahat in this
example because of the use of piezo illati i ' ' t carrier 16,
is e.g. groun S@SHEhgﬁdgﬁjﬁaﬁﬁb’ @oﬁ@é%? ?r'? %ﬁgﬁg@&%ﬂﬁ@g ﬁ%@%@é@%@gges of the
piezo elemetran8éyaileBoatiiy terajtaibres émjl@i@gttactiéngnh@itémgéqiﬁaﬂﬂe,W@ﬁﬁiWﬂﬂﬂin the
planes of the, RigCarBIaMATIR IR AR SO LP YR BANG RS Al iile diBatiiApg ension of

the longitudinal axis of the tool. > arrows shown in figuré 10b depict that the two piezo elements
38 with theirqesiaisz dinalrcaieesenretalinnghg3eifAtingameyaRa M GIQ U SihERBSATY length change (at

ine d_EPiCtedrBQB%t&WB(!?%é&w%?ﬂ?&é}Fmé ¥ RRaBBipc Atk aihendaehioalintvoadienrirzo elements
3 P aiol thamounting pomt5a paraliel 1o the Arawing prans of figare 106 in o far <o
chang@{at thvelgfidhegmounting point 56 p gp g
also an imaginary respectively geometrical reference plane E in figure 10b that is
perpendicular to the drawing plane of figure 10b is spanned by the longitudinal
axis of the tool W (i.e. the longitudinal direction of the tool) and said rotational
axis A. it becomes apparent that all four oscillation excitation elements 55 (i.e. all
25  piezo elements 38) are arranged sideways interspaced with respect to reference
plane E respectively in a direction perpendicular fo the extension plane of the
piezo elements 38. Figure 10a shows the respective polarization directions P of
these four piezo elements 38. On the left side with respect to the viewing
direction the upper piezo element 38 comprises a polarization direction P that
30 points away from the surface 39, whereas the lower piezo element 38 comprises

a polarization direction P that points towards the surface 32. On the opposing
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15point in time a compression) in phase to each other, but in opposing direction with respect to the
aforementioned piezo elements 38. Thus the two piezo elements 38 that are arranged aligned
opposing each other with respect to the reference plane E experience Iep@tg_glg _ﬁmased to
each other. Also each two piezo elements 38 bonded to the same surface (39 or 40) experience length
20 changes opposed to each other. In figures 9 and 10a, 10b the voltage supply respectively current
supply of the piezo elements 38 is not shown. As discussed above the transducer body may be e.g.

grounded (osigRARGIREHEP FaR GERRANTEI angriedbe fpetarnsine dif attipie Fotkéd peints 38, e.g. also
by means of electrically conducting conpections between them,.an alternating. vo n.25 phase to
each other Y| Sa%éigﬁgﬁ%ﬁ{bgﬂgé%&f%‘gﬁwﬂgzi ISR cl)"§y ?n%sl\ééF rorﬁ%ﬁnetaﬂic
material, withiitsclivrg Psthsitisoités dingyVieaticdty sarfextedirfpirtiieccdive dtishtbe thecibatiorsion of the
longitudinal axis,of.the tool W, B J ¥ BRRP@site directions
of the piezo 31‘5’#}.%{}%2 g , tegttpé%%ﬂézf%?{g@?%%&a?ﬁdﬁrﬁbss g%%%%gpzﬁgﬁgt%rﬁ wherein the cross
section i "betetiregts ST oEEIRANY @EBUOG dir dutipiezo @lemenhoeisigs ot JidRNgdbction of

figure 102, 10bsidexayadeaporiialy fRRTORBlRAop R  taTieshalRaason. Preferably

and in the shown examp ucer body oscillates, as shown in figure 10Db, in its second

torsional eigteiieico wements #8caliggaatingalapuativnr ashiontectons Bl sadasriBrein the

lowest is locgird 2Lk IG¥EHALDBIRRYENG B YRBERIH RaBlndtanlSaBelendias in this example
three other nodes, also marked with reference numerator 58 [’fre disgﬁib%jted, a(l%&ﬁé e length of the

bonding toolBamhi& s @J&ﬁ%dﬂﬂj@d@?@%@&p@%ﬂﬂgfﬂ&%ﬁ Phsy B I 5 and the

transdyger bpkly ARc8 bR Withgerpeobiadhrir taaotettivalpid-dislensintis38ditheteaterial
properties such that each_of them exhibits a@% ox['hrrnate the saéne Sigenfre%ceenc% é;}ortthe above
mentioned eR¥AI%AHREVBAEAHRRIRHRC NG HaNdLRe L g O RBLTSE ThE WLl system

also shows gpasseANGEdssitedussiay il hareby itisryationeia Grraskdwepchathies @moer node 58 of
the bonding ttlsl)z(;l)tI t?)g rtl‘lc\ll(;[%eidglyv&ggg CeI e§18eg{st r??-% %%Sg lfn(f\)%rization direction pointing away
from the transducer body 15 also experience a length change (at the depicted
15  point in time a compression) in phase to each other, but in opposing direction
with respect to the aforementioned piezo elements 38. Thus the two piezo
elements 38 that are arranged aligned opposing each other with respect to the
reference plane E experience length changes opposed to each other. Also each
two piezo elements 38 bonded to the same surface (39 or 40) experience length
20 changes opposed to each other. In figures 9 and 10a, 10b the voltage supply
respectively current supply of the piezo elements 38 is not shown. As discussed
above the transducer body may be e.g. grounded {or connected fo another
potential) and to the free surface of all piezo elements 38, e.g. also by means of
electrically conducting connections between them, an alternating voltage in

25 phase to each other may be applied.

The transducer body 15 is a basic cuboid body made from a metallic material,
with its longest side standing vertically i.e. extending in the direction of the
extension of the longitudinal axis of the tool W. Because of the above described
length changes in opposite directions of the piezo elements 38, the transducer

30  body 15 performs a torsional oscillation, wherein the cross section in “bending
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15 body 15 are located at the same point. At this same location respectively on this level also the
clamp of the bonding tool 5 by means of the clamp screw 8 (in the example a set screw) is located.
Accordingly the bonding tool 5 carries forward the torsional oscillation oflg, gy 15
almost seamlessly. To be able to clamp the bonding tool 5, the bore 7 in t%er%ar;r%% ?a tapped blind
hole for the 20bonding tool 5 is not located exactly in the center of the flexural plane of the transducer
body 15, wherein however a small offset is affecting the oscillation behavior only minimally.
Alternativelydrsbsagnsienieiiiie reepdistadabkinidhdndatiiatievbfithed¢Rard(baidewaykl be

possible. In the Iane ogonal to the flexura he bo tooI in.t Iocated in
the ideal cerl %ﬁ@%?@ﬂ%tﬂf%?ﬂ%d%h&?ﬁ C pszgrr'g ggr%cﬁ}g[%eogu}ﬁg%né%o?me ultrasonic
transducer 3h thermiwangmmmmgamdmbobddwdwdmmwbshomflghe@ omisans of two
connecting devices 59 that are, m de of th
e B e L e e ore G0 1

transducer b prise a connecting bore 60 in
30 or thfougthrelictodss, nmhelmrctbe Eme&hﬁdm@ﬂsatdhm@vﬁbgﬁthﬂgfawﬁ@nB@ﬂ’"E"ﬁ@O@fg 063000

boncing heagl gy kR Al GRS RO IFE s e BRI RAagId st pivot

61 (i.e. a total of four s state pivots 61) above and below the connectlngrﬁore 60, wherein these

regions ethlan@imwewmw inSorererdistibudegmtona the denath & fhorsling daol ably these

flexure 5 zonesg oo 4 Is¥RbAb BHABRsINEdBS. Mikdif e BSopbthe transducer
body 15 (compare figure 10 ere the base body performs a qt&}?l pure rotatlon whereby the pivot

joints perfor@nddhg réﬁaqHWMHﬁ%@%W@ﬁ%SB%IQ gﬁ%@ﬁ?%ﬁ%‘ the environment.

Alternafye V@rirsnsiar maﬁﬁ@rﬁmgm%@@i&m Hhvdisartedptaiataxhitiitslevel of the upper
and 10 lower node 58 of the transducer b dy 15 or ang{g?bqevel of the mlddlg and the jr node 58 of

the transducRIQAMEeNiBeSame 6.9 ‘[ﬁ%"?(ﬂ RO TREANEGS USRS WP hecting
device 59 wifliea msedunﬁcmwa@weﬂemnerew@ﬁmmutmﬁmuam 59 are made

as @ single e LR g S e Nes SHRBEY 1 PrLIBRER PSR e digoe. and

upper node 58 of the bonding tool 5 and the lower node 58 of the transducer

15  body 15 are located at the same point. At this same location respectively on this
level also the clamp of the bonding tool 5 by means of the clamp screw 8 (in the
example a set screw).is located. Accordingly the bonding tool 5 carries forward
the torsional oscillation of the transducer body 15 almost seamlessly. To be able
to clamp the bonding tool 5, the bore 7 in the form of a tapped blind hole for the

20 bonding tool 5 is not located exactly in the center of the flexural plane of the
transducer body 15, wherein however a small offset is affecting the oscillation
behavior only minimally. Alternatively a suspension of the bonding tool in the
ideal center of the flexural plane would be possible. In the plane orthogonal to the

flexural plane the bonding tool 5 in the example is located in the ideal center.

25  In the exemplary embodiment (compare figure 9) the suspension of the ultrasonic
transducer 35 respectively its mounting to the bonding head may be
accomplished by means of two connecting devices 59 that are mounted
opposing each other on the two surfaces on the side of the transducer body that
are orthogonal to surfaces 39, 40. They each comprise a connecting bore 60 in

30  or through which the not depicted mounting screws for the mounting at the
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15 other deviating embodiments are also possible. In the exemplary embodiments shown in figures 9
and 10 the ultrasonic oscillation are also produced by thin piezo plates. Also here the oscillation
direction that is orthogonal to the polarization direction P and to the elecg@?léigg%%_ﬁg' %g. As
described above in order to achieve the ideal excitation of the 20 oscillation mode of the base body
(particularly the second flexural mode), four piezo elements 38 are utilized, wherein the each
diagonally opposing elements synchronously perform elongations and contractions that change in
time. Varianisoatirigosstitlareag HbeseidtiatieitbentheazidzEatbroentedithdeaieebonded to the two

surfaces 39 or the.piezo elements 38 t bonded tq the 25 f 4 itted. Also i
the hereby GENPLRGE S SETR T B hte 2 B B R e R S RO ol
mode. AnotleeTdvbeiant theutdrirepingibieadD, thbcreieshese mg@ﬁg&n’@bi@&mﬂbﬁ@ﬁmer the two
upper or the tW‘%-c')%VYﬁ&?ga%%%e lé%‘a‘w}gigﬁa?%gﬁm tidhSUBReReranligHEtiothf dransducer

body 15 wolld be excited to its first forsional mode, 30 such thaf also here with suitable tuning an
oscillatig transessvietostind exaatieertmelesdoddherrnes andienmiddiencgeiie) 1881 5 occurs.

Analogous alsp eihariRaNs (e RASSIRIRINRS IR PRASE BHbtBadioniey Banstia arygash surface 39,
o

40 one or more additional piezo elements 38 are arranged one behind the other in the direction of the

extension offttee EvgtioRinhased v iAE NN RAERIBY iEeal ang inthissWa¥ePBvE§ L5 to higher

torsional moglgspi nbesispis pdAtimer daclrsendarvinaabins temwelves) essential for the
invention. In the disclosure of the application_herewith also the di@\%l?se(lc tent of the
e

according/emassBlebsisindaa sl SRIe RiYBH S hRTRIRARSN Ebﬁ HPRRIGRSY with its ful

contenjalsqdRetifoae B9 ef thotelHdeuterattiyiesarshambhiishentadromddiisatiocthment in the

claims of th?o%g?%gtdgp%i% t{.ﬁg transducer body 15. Above and below the solid state pivots
61 connections of the connecting device 59 with the transducer body 15 are
located. Preferably these connecting devices 59 are made as a single piece
respectively integrally, i.e. the suspension and the base body are one piece, and

15 other deviating embodiments are also possible.

In the exemplary embodiments shown in figures 9@ and 10 the ultrasonic
oscillation are also produced by thin piezo plates. Also here the oscillation
direction that is orthogonal to the polarization direction P and to the electrical field
is utilized. As described above in order to achieve the ideal excitation of the

20  oscillation mode of the base body (particularly the second flexural mode}), four
piezo elements 38 are utilized, wherein the each diagonally opposing elements
synchronously perform elongations and contractions that change in time.
Variants are possible e.g. thereby that either the piezo elements 38 that are
bonded to the two surfaces 39 or the piezo elements 38 that are bonded to the

25 two surfaces 40 are omitted. Also in the hereby generated embodiment the
transducer body 15 would be excited to a second torsional mode. Another variant
would be possible with the in respect to the figures 10a, 10b if either the two
upper or the two lower piezo elements 38 would be omitted. In such a
configuration the transducer body 15 would be excited fo its first torsional mode,

30 such that also here with suitable tuning an oscillating transmission of the
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PCT-EP2009-063000 Claims: 1. Bonding device, particularly for producing bond connections between
electrical conductors made of wire material or strip material and contact points of substrates such as,

in particular, electrical circuits, wherein the bonding device 5 comprises %ég’f@%ﬁ&%ﬁ%&%bwm‘?h can
be rotated about a geometric axis of rotation (D), on which a bonding tool {5) and an ultrasonic

transducer (35) are disposed for ultrasonic vibration excitation of the bonding tool, thereby
characterized, that the main direction of extension (36) of the ultrasonic transducer (35) and/ or 10its
direction of exisisigmesienstsntodinediomdiigheciiofine MizilvgousEss emboeitehisertia in

llel to th ical axis. of rotatj f the bandi d(2 VIt [ d ,
pattcularly DIESR U PHRES FPTER E b st O s SR g B e
bonding deviremuiecadiitibesl Pidira sbeicanis S@uarer avangeser l;ﬂén@rﬂ@edsttiﬁai'r@thexciter and the
o ShiBABPUReEAbIRASh W TEAREMENAROHNET 30, { FROBI R 0o

particularly a voﬁage source’isu to apply’an alternating electrical voltage to the piezo element,
thereby Thathettransdydeatbibdyutiddednighendersicnalwdsarticularly the voltage source (42),
particularly 20its frequency, is matched to or adjustable such that during operation, particularly when

- an altematingvoliageinamaliat e AL dieseBharpralas: hehnserlyRaaler (37) and/ or
the main direction o cle ormation of the piezo element (38) extends laterally to the polarization
direction (P)fer the iskertieriethe sisciosyreehing gaelisatiopratendiyalsp dhsadisrigasshad
connections RERURESS the according/enclosed priority documentation (copy of the provisional
application) is included with its full content, also for the purpose to include
10  attributes and embodiments from this document in the claims of the present

application.
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electrical conductors made of wire material or strip material and contact points of substrates such as,
in particular, electrical circuits, wherein the bonding device (1) comprises a bonding head (2) which
comprises a bonding tool (5) and an ultrasonic transducer (35) accordinq,@rt_pj, 8&8 Blim.
PCT-EP2009-063000 4. Ultrasonic transducer for the ultrasonic oscillation excitation 0#%] onding tool,
wherein the ultrasonic transducer comprises at least two interspaced oscillation exciters connected to
a tool holder and which comprises at least one ultrasonic energy source for the supply of the
oscillation exgitgrgs particularly at least one 5voltage source to apply alternating electrical voltage to
the oscillation exciter, thereby characterized, that one or more ultrasonic energy sources, in particular

the voltage source (42) or the voltage sources, preferably the frequency and/,or the phase position are
chosen or adju 96\%'? ey '8&'1Eﬁafﬂ(fgﬁrg‘fiﬂ'ébgggf“l'l%l'filgn%g@it%?'Cl] %ég}é%nc? ?R%“YS Bnding tool(5) in
such manneeldgttidalricundpeiatandde ofaiireineaieviat of stefpmedddal eint eanta dgudiiaisorf exciters
(37) are parallel or mainly parallel 1o t . . Itj [QAS; hange in time, of
the two oscil%‘t%l’g?lr%tfatsquﬁna énrﬁglﬁ%aﬁ' ?ggt%ﬁr%’gﬁomf%tr %éﬁ%%%?e& ?#;@Bsghﬂétlgg ?/fv?t I respect to each

other, particetamprisehal o paingcheih (B ovitictyaieive [patad abayittergaometitgliinging connections

between eleglyl YHURIIRABOhUIITG 1B31e5PAR SIHRITRABHR! RaAsERIMGGIBYiRLS Of substrates
such as, in ppggﬁg@gectﬁgg%qits, w@e@%ﬁh%bondin device comprise?g%ggnding head
comprising ad@mamgfm&!tmﬁfﬁemamgr%itlm@gél,tﬁh@reaytbﬁirﬁem&@zmme bonding head of
the bonding &gé@ig@tg%efises an ultrasonic transducer according to claim 4. 6. Bonding device

according to one or several of the previous claims, thereby characterized
that the main direction of extension (36) of the Ulfrasonic transducer (35) and/ or

10 its direction of extension extends in direction of the axis of the minimum mass
moment of inertia in parallel to the geometrical axis of rotation (D) of the bonding
head (2).

2. Ultrasonic transducer, particularly for a bonding device for the ultrasonic
oscillation excitation of the bonding tool of the bonding device, wherein the
15 ultrasonic transducer comprises at least one oscillation exciter and the oscillation
exciter comprises at least one piezo element, and wherein an ultrasonic energy
source, particularly a voltage source is utilized to apply an alternating electrical
voltage to the piezo element, thereby characterized,
that the ultrasonic energy source, particularly the voltage source (42), particularly
20 its frequency, is matched to or adjustable such that during operation, particularly
when an alternating voltage is applied, the main direction of deformation of the
oscillation exciter (37) and/ or the main direction of deformation of the piezo
element (38) extends laterally to the polarization direction (P) of the piezo

element (38).

25 3. Bonding device, particularly for producing bond connections between
electrical conductors made of wire material or strip material and contact points of
substrates such as, in particular, electrical circuits, wherein the bonding
device (1) comprises a bonding head (2) which comprises a bonding tool (5) and

an ultrasonic transducer (35) according to the previous claim.
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that the geometrical longitudinal center line (S) of the ultrasonic transducer (35) 25extends parallel to
the geometrical rotational axis (D) of the bonding head (2), particularly on the axis of rotation (D) or in

close proximity hereto, and/ or parallel to the longitudinal center line (W) 8&?@?@&%@%@% (5),

partic_ularly on the longitudinal center line (W) or in close proximity hereto. 3000 7.
Bondlng_ device according to one or several of the previous claims, thereby characterized, that the
ultrasonic transducer (35) comprises at least one oscillation exciter (37), and each oscillation exciter

(37) comprisgs piiRASANEMedARIEMEHdIHrasoMe suiciRARM RiRZGtteNE Rt (3Bl frgliads a main
direction of extension (41) that extends parallel to the geometrical ratational axis (D) of.the bonding (2)
e 3 Ao URREHL RS i

head. 8. BoMIREPILIEHAERSHRIR FROUHEET SRUWAFS W< URIRRECH sPe Y eharacterized,
that the ultragptiteR &ighaasice, pastithEdgtbadolttige commisé$2)t [Esionts lyl tt8sitaicoltage

frequency, is matehed or solusible, such 118t Whe R ARRMAS IR FSHRSEH 8RR, fifmain direction
5  voltage source to apply alternating electrical voltage to the oscillation exciter,
thereby characterized,
that one or more ultrasonic energy sources, in particular the voltage source (42)
or the voltage sources, preferably the frequency and/ or the phase position are
chosen or adjustable to the construction of the osciliation exciter (35) and the
10  bonding tool(5) in such manner that during operation the main directions of
deformation of the two oscillation exciters (37) are parallel or mainly parallel to
each other and the resulting deformations, that change in time, of the two
oscillation exciters in the main directioné of deformation are phase shifted with

respect to each other, particularly by half a period.

15 5. Bonding device, particularly for producing bonding connections between
electrical conductors made of wire material or strip material and contact points of
substrates such as, in particular, electrical circuits, wherein the bonding device
comprises a bonding head comprising a bonding tool, particularly a wedge,
thereby characterized,

20 that the bonding head of the bonding device comprises an ultrasonic transducer

according to claim 4.

6. Bonding device according to one or several of the previous claims, thereby

characterized,

that the geometrical longitudinal center line (S) of the ultrasonic transducer (35)
25  extends parallel to the geometrical rotational axis (D) of the bonding head (2),

particularly on the axis of rotation (D) or in close proximity hereto, and/ or paraliel

to the longitudinal center line (W) of the bonding tool (5), particularly on the

longitudinal center line (W) or in close proximity hereto.
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exciter (37) and/ or the piezo element (38) extends at least mainly into the main direction of extension
(41) of the piezo element (38). 9. Bonding device according to one or several of the previous

claims, thereby 15characterized, that the design of the bonding head (2)5@39585'%50%” be
excited to oscillate by the ultrasonic transducer (35) and the alternating voltage, particularly its

frequency, is adjusted or adjustable to each other such that the pivot point (P) of the tool holder (6) is
located at a node of the bonding tool (5). 2010. Bonding device according to one or several of the

previous claimspBheifiyy ddacecieceringiatdhe tieseency of the pitdsasiclainesgthecelige, particularly
the voltage frequency.at the voltage source is chosen or adjustable such that it at least approximately
equals a ressa%rrﬂ cy, particularly the lowest resonant 25 frequency of the with applied
alternating viitstgheoattitaiomictrdissharab(s)hwhpriskslat ldastudmasostt atiors duciéen §39 ) the tool

holder (6), and the bonding_tool (5)..11. | ' ' f th [
claims, there%@éc%%?gcqgﬁggﬁ?q%?'—%ﬂggggggg%% '%%Q%(%%%@%@%g?ﬁ@gﬁg?ﬁgnts e(3p8r)e\é§ghs in
the shape ofvwehereiarepdapitiodlemphitt3tyfeatinaha prinidisshaneicasensippidddthsiezo element
(39) s rten\eg B LI TSREE OIS PRdfonal i E A dasriRerErsinssip one or several

of the previous c , thereby 5characterized, that the ultrasonic transducer (35) comprises at least

two oscillation exciters (37) arranged gparallel to each othér, ILHerein each Cfs;:illat'g‘gE exciter (37)
comprises a$ic28MMNEIRIRTRCABING S ANF ShHRAYE ﬂfN BRERSYS ,afﬁjcﬁ'cll nted planar to
two surfacesct@fadfdriekthe piezo element holder (16) that are parallel

that the ultrasonic energy source, particularly the voltage source (42), particularly
10 its voltage frequency, is matched or adjustable such that when applying the

alternating voltage, the main direction of deformation of the oscillation

exciter {37) and/ or the piezo element (38) extends at least mainly into the main

direction of extension (41) of the piezo element (38).

9. Bonding device according to one or several of the previous claims, thereby

15 characterized,
that the design of the bonding head (2} components that can be excited to
oscillate by the ultrasonic transducer (35) and the alternating voltage, particularly
its frequency, is adjusted or adjustable to each other such that the pivot point (P)
of the tool holder (6) is located at a node of the bonding tool (5).

20 10.Bonding device according to one or several of the previous claims, thereby
characterized,
that the frequency of the ultrasonic energy source, particularly the voltage
frequency at the voltage source is chosen or adjustable such that it at least
approximately equals a resonant frequency, particularly the lowest resonant
25  frequency of the with applied alternating voltage oscillating subassembly, which
includes the ultrasonic transducer (35), the tool holder (6), and the bonding

tool (5).

11. Bonding device according to one or several of the previous claims, thereby

characterized,
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10 to, turned away from and opposite to each other, particularly with the planar surfaces bonded to
them. 13. Bonding device according to one or several of the previous claims, thereby characterized,

that‘ thg polarization directions (P) of piezo elements (38) that are constitly ?téégxi&gg%}%ﬁawe
oscillation exciter are opposing each other with respect to their direction. §4-. onding device

apcor_ding to one or several of the previous claims, thereby characterized, that the polarization
direction (P) of the two piezo elements (38) that are attached 20 to one of the two piezo element

ho:ders (_16)Eji?a@ﬂﬂ@téﬁs'@ﬂvébaffﬁiétﬁlalémm (@Bheapie o thle steacofderedtb)gaar that the
polarization direction (P).of the two piezo elements (38), which.arge attached to f the two
piezo_elemeﬂ?lﬁﬁf&%qé’t%t@) 5@%95‘??8%&8%5@3({%%5} '%%i)e)tﬁg%@o" @%(r)n%%]ﬁhoﬁgg( 6). 15.
Bonding devicertstediiatetal avithoespeer td it thlaterplaoes claims, thereby 25characterized, that the
piezo elements (38) connect to the ultrasonic energy source, particularly to the voltage source (42),

with their 1ee > WiRGhdR0RE MBYIAL REINET BLVBIRN ORI, iR idBgO element
holders (16) are grounded. PCT-EP2009-063000 16. Bonding device according to one or several of

the preﬁous?&lﬁiﬁfé?fii@%by characterized, that the ultrasonic energy source, particularly the voltage
course (42) {p Adivs Qe iQSHERM R BEEN 198 eovRPAsEsihiea s e BasrIdoAlbriteosBTents (38),
5particularly by wiring the connecting wires (43, 45) of allgie 0 elemen; Sr( 9 in .
arranged parallel to each other, wherein’ each oscillation excite % } comprises a
piezo element holder (16) and two similar piezo elements (38), that are mounted
planar to two surfaces (39, 40) of the piezo element holder (16) that are parailel
10 1o, turned away from and opposite to each other, particularly with the planar

surfaces bonded to them.

13.Bonding device according to one or several of the previous claims, thereby

characterized,

that the polarization directions (P) of piezo elements (38) that are constituents of
15 the same oscillation exciter are opposing each other with respect to their

direction.

14. Bonding device according to one or several of the previous claims, thereby

characterized,

that the polarization direction (P) of the two piezo elements (38) that are attached
20 to one of the two piezo element holders (16) is oriented away from the surface of

the piezo element holder (16), and that the polarization direction (P) of the two

piezo elements (38), which are attached to the other of the two piezo element

holders (16) are oriented towards the surface of the piezo element holder (16).

" 15.Bonding device according to one or several of the previous claims, thereby
25 characterized,
that the piezo elements (38) connect to the ultrasonic energy source, particularly
to the voltage source (42), with their free surface, facing away from the piezo

element holder (16), and that the piezo element holders (16) are grounded.

Page 32 of 38



parallel. 17. Bonding device according to one or several of the previous claims, thereby characterized,
that the bonding tool comprises a geometrical longitudinal tool axis (W) that 10 extends parallel to the

main direction of extension (41) of the piezo elements (38) and/ or exteng&.ﬁlgggo%'gec%%g trical axis

of rotation (D) of the bonding head (2). 18. Bonding device according to ofe or several of the previous
claims, thereby characterized, 15 that the two piezo element holders (16) are constituents of a shared

single piece transducer body (15), at which particularly also the tool holder (6) is implemented as a

single piece 14. B BRNENE:IRYCRESNGING dnO0Leveesksatio tireviondalsimisithsrdhgreby
charactgrlzed, 20 that the transducer body (15) comprises a holding fork (19), with holder arms (20)
that on its |oﬁ5ﬂ{ﬁﬁ¥%| d (21) connect to each one piezo element holder (16) in its longitudinal center

area. 20. Ulirasenéciltesnsshicemeqyposing qhaetstlony thenaitags bodw¢l(@Rhinasljueted one

oscillation exciting element (55). that for the fransmissi Al Ulat] d by th
oscillation eﬁ%iﬁH piYe neaméifge i 8’8?1{%38t§’d%\%m%§§e8taé‘%§j§éé?@%%?%@féﬁm mgani, thereby
charactérizeparticultrty biyrasonicttracotnnesti(@B)ivest( @ af§hoft i iezoielesed s 68)(® mounted

bon_ding toglfp(gl)aﬁgmprises an oscillation mode, comprising a waveform which produces a rotational
oscillating movement with respect to at least one Page 33 of 38

17.Bonding device according to one or several of the previous claims, thereby
characterized,
that the bonding tool comprises a geometrical longitudinal tool axis (W) that

10  extends parallel to the main direction of extension (41) of the piezo elements (38)
and/ or extends along the geometrical axis of rotation (D) of the bonding
head (2).

18. Bonding device according to one or several of the previous claims, thereby
characterized,

15 that the two piezo element holders (16) are constituents of a shared single piece
transducer body (15), at which particularly also the tool holder (6) is implemented

as a single piece.

19. Bonding device according to one or several of the previous claims, thereby
characterized,

20  that the transducer body (15) comprises a holding fork (19), with holder arms (20)
that on its longitudinal end (21) connect to each one piezo element hoider (16} in

its longitudinal center area.

20. Ultrasonic transducer, comprising at least one transducer body (15) and at
least one oscillation exciting element (55) that for the transmission of the

25  oscillations produced by the oscillation exciting element itself is connected with
the transducer body(15) by suitable means, thereby characterized,
that the ultrasonic transducer (35) particularly with the at its tool holder (6)
mounted bonding too! (5) comprises an oscillation mode, comprising a waveform
which produces a rotational oscillating movement with respect to at least one
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PCT-EP2009-063000 axis of rotation (A) in the mounting point of the bonding tool or produces a
combined oscillatory excitation for rotation and translation. 21. Ultrasonic transducer according to one
or several of the previous claims, thereby characterized, 5that the oscilla]geﬁl"%@%gg&g ent (55) is
mounted to the transducer body (15) by force closure and/ or form closure and/ or material continuity
(bonding, brazing, welding etc.). 22. Ultrasonic transducer according to one or several of the previous
claims, thereby characterized, 10 that the oscillating rotational movement is oriented with respect to at

least one to theslengitadisralaxia (Mé) mbiirtibg pding 46 théHpriipgridaldapordudeast in general
perpendicular geometrical axis of rotation (A). 23..Ultrasonic transducer according to one or several of
Bt Erel i A e PN e e

the previousca al a geometrica ‘Slerence plane (E) is spanned
through the geometrical longitudinal axis (W) of the bonding tool (5) or a hereto parallel geometrical

line and throdiisasepiatmnaduder aanoiing: e asedfessyelimbiheerRrieH/AHBAt (55) is located

interspaced fﬂé%%‘gﬁa?&&éﬁ%g‘e force exerted from the oscillation excitation element (55) onto the

transducer body (15) acts into or 20predominantly into the direction of the Iongitudina! axjs (W) of the
bondingtoolt(&}. t Pﬁﬁtpéﬁeﬂi@f%ﬁg&ﬂdﬂﬁﬁ}?&ﬂréﬁé’%W%&g?ﬁlt@@ﬁg‘ﬁ%r ﬁ;}ns thereby

characterizegy foifeal @bieRstaMg viforesaiestie halrferaesislzoatiRlisidpsmyiadgterspaced
250scillation excitation elements, (55) are provided, that are arranged opposite of

brazing, welding etc.).
22. Ultrasonic transducer according to one or several of the previous claims,

thereby characterized,
10 that the oscillating rotational movement is oriented with respect to at least one to

the longitudinal axis (W) of the bonding tool (5) perpendicular or at least in

general perpendicular geometrical axis of rotation (A).

23. Ultrasonic transducer according to one or several of the previous claims,
thereby characterized,

15 that a geometrical reference plane (E) is spanned through the geometrical
longitudinal axis (W) of the bonding tool (5) or a hereto parallel geometrical line
and through said rotational axis, that the at least one oscillation excitation
element (55) is located interspaced to the side and that the force exerted from
the oscillation excitation element (55) onto the transducer body (15} acts into or

20  predominantly into the direction of the longitudinal axis (W) of the bonding
tool (5).

24. Ultrasonic transducer according to one or several of the previous claims,

thereby characterized,

that at least two with respect to the reference plane (E) sideways interspaced
25 oscillation excitation elements (55) are provided, that are arranged opposite of

each other with respect to the reference plane (E).

25. Ultrasonic transducer according to one or several of the previous claims,

thereby characterized,
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each other with respect to the reference plane (E). 25. Ultrasonic transducer according to one or
several of the previous claims, thereby characterized, PCT-EP2009-063000 that it comprises one or

more ultrasonic energy sources, in particular one or more voltage SOWC%@P%&%%Q to the
oscillation exciter elements (55), and that are connected to the oscillation exciter elements (55) such

that these, particularly oscillation exciter elements (55) that are arranged on the same or on 5 different
sides of the reference plane with reference to each other, perform oscillations with a phase shift of

1800 to eachipihorfpridiErensicriransiureiserro shegipsuecessikypeatiofireopeesious claims,

thereby characterized, that a minimum of two oscillatiqn excitation elements (55) are arranged on each
10 side of th@%%ygﬁég%%@%ﬁw o‘?FBB‘?iﬁa&?gﬁ el lgmliﬁgsgéﬁation

28???'18 reterence plane
excitation elemema(abe aomaseddol thepasd|apipasiteciteeaemerhisr( ¥hetsh thatheeseme side of the

reference plane, (E) neighbgring oscillation excitati I ( oiaig j energy
source or thé %’ﬁ%#é?@c?ﬂ?@ﬂ%%%%r?’t‘ﬁg?ﬂ%?f'ﬁ%r%mg @s% a'urgc%sgv%%%ﬂéa%ghase %r%%ﬁg(ylbéﬂﬁo each 15
other, asd wHifferernd sidtstiohtee citiencigtanasigsyafereane forange oresapert@ithwith respect to

the reference {)égpﬁé{% %OSH% clig ﬁegﬁm%W%@?ocgwglﬁgrwith the energy source or energy

sources such ey pe'r b7 OSCNIAtions w phase shift to 180 to each other. 27. Ultrasonic
transducer according to one or several of the previous claims, 20 thereby characterized, that at least
each two ex&fatibiasenieanshearasraA e 8 ShiseVAA Rh IR BYOYS A e of the
reference plqﬁgrélgg,iam&gﬁgggp of the geometrical longitudinal axis (W) of the bonding tool (5).

28. Ultrasonic tranSducer according to_one or several of thegrev{gﬁi claims, 25 thereby characterized,

that the trandeRicRIMBEY ALY A GRS atinn Srriien slesnanty ATEIBHARYRL L PR and that
the osqjllatiogigx GtaHen<aarrp@T. (Farimérdy dhassttl aligesaxditetiefesteoe plaitBHE by
constituting ah sgllation exger 3t two poSing and coposie siles fadnR Y iagar ik 40) of the

wherein on the same side of the reference plane (E) neighboring oscillation

excitation elements (55) are connected with the energy source or the energy

sources such that they perform oscillations with a phase shift of 180° to each

15 other, and wherein oscillation excitation elements (55) that are arranged in pairs
and with respect to the reference plane (E) opposite to each other are connected
with the energy source or energy sources such that they perform oscillations with

a phase shift to 180° to each other.

27. Ultrasonic transducer according to one or several of the previous claims,

20 thereby characterized,
that at least each two excitation elements (55) are arranged one behind the other
on the same side of the reference plane (E) in the direction of the geometrical

longitudinal axis (W) of the bonding tool (5).

28. Ultrasonic transducer according to one or several of the previous claims,
25 thereby characterized,

that the transducer body (15) comprises only one oscillation excitation element

carrier (57) and that the oscillation excitation elements (55), particularly all

oscillation excitation elements (55), by constituting an oscillation exciter at two

opposing and opposite sides facing surfaces (39, 40) of the oscillation excitation
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PCT-EP2009-063000 elements carrier (57), wherein the oscillation excitation element carrier (57)
exhibits at least substantially the form of a rectangular cuboid or of a rectangular plate.  29.

Ultrasonic transducer according to one or several of the previous cIaims,P%tIL]E@é%d&_lb%?fﬁgrized, that
as oscillation exciter elements (55) at least each one piezo element (38) is provided a at the

transducer body (15) comprises only one piezo element holder (16), holding all piezo elements, which
at least fundamentally features the form of a rectangular cuboid or a rectangular plate. 10 30. Process
for producinglepnshes BEARIOBT pavierdnyheatsriatiee etirituondikehenst wdergqb®)re material or

strip material aﬁg? ontact poin fs%% trates such.as particularly electrical circuits, with the following
process step%).‘ i Saagb% ?fﬂd"{ @ﬁ%fi%{fﬁ‘goéﬁ‘ 6%%%%@31{3;%@ 'L?Ic%rr (c%)lra tﬁ%cuqﬂgglc?rqic excitation
of the bondingstieol, wherein the ultrasonic transducer comprises at 15least one oscillation exciter and
the oscillation exciter comprises at least one piezo element, providing of an ultrasonic energy source

to drive the P82 FIRBRIY PRI Acraiang B0t ip saarbaiha i ctinsiical voltage to

the piezo element, and oscillation excitation of the bonding tool while pushing against the electrical
conductdr tothereby&aaisgigiEas of a bonding tool onto a 20 contact point, thereby characterized,

that for the oggi{laissemaiiaioskehdhiBATHRY(BE) 4b)dhst hicrsenismagedismurmgaaugcularly the
voltage source (42), particularllr}FI its ultrasonic frequency, is chosen or adjusted sth that during

operation th&@GsREARY halingdranadues RdyAdp i CRBRSSSRAY QUERIPEIA'ANE r the main
deformation RSk (56), dloldingiak pietemeoiGis|savicn teiddean fudaat énttl by fednzatitre direction

(P) of the piezo ele ent(S%S . 31. Process for producing bpnd connections particularly between
electrical co%‘arlﬁﬁtfiﬂgﬁ%’ i 'rrglhqgl%r?{il%Fg& %?Q?%Hgi‘tgnd contact points of substrates such as
particularly electrical circuits, with the following process steps: .

10 30.Process for producing bond connections particularly between electrical

conductors made of wire material or strip material and contact points of
substrates such as particularly electrical circuits, with the following process steps:
Providing a bonding tool, providing an ultrasonic transducer for the ultrasonic
excitation of the bonding tool, wherein the ultrasonic transducer comprises at

15 least one oscillation exciter and the oscillation exciter comprises at least one
piezo element, providing of an ultrasonic energy source to drive the piezo
element preferably a voltage source to connect an alternating electrical voltage to
the piezo element, and oscillation excitation of the bonding tool while pushing
against the electrical conductor to be bonded by means of a bonding tool onto a

20  contact point, thereby characterized,
that for the oscillation excitation of the bonding tool (5} the ultrasonic energy
source, particularly the voltage source (42), particularly its ultrasonic frequency,
is chosen or adjusted such that during operation the geometrical main
deformation line (49) of the oscillation exciter (37) and/ or the main deformation

25 line (50) of the piezo element (38) is oriented transversal to the polarization

direction (P) of the piezo element (38).

31.Process for producing bond connections particularly between electrical
conductors made of wire material or strip material and contact points of

substrates such as particularly electrical circuits, with the following process steps:
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PCT-EP2009-063000 Providing a bonding tool and an ultrasonic transducer for the ultrasonic
excitation of the bonding tool, oscillation excitation of the bonding tool while pushing against the
electrical conductor to be bonded by means of a bonding tool onto a con&c}:_&?gﬁ 5186?58?{0
characterized, 5that for its oscillation excitation an oscillating torsional momen 9IS applied to the
bonding tool (5) at the tool holder (6), with a geometrical axis of rotation (A) of the torsional moment
(M) that extends transversal to the tools longitudinal axis (W) or that introduces an oscillating torsional
moment (M) pyagligimg sciblotidiadr eotslatrnaaxsitationittatsd lmrdmdiealiiEstomid srsitdtatory
excitation at the 1Qtool holder (6). .. 32. Process accqrding tq.the previgus claim. thereby
characterizeﬁf fﬁ%%ﬂ%d&%ﬁ?ﬁ néstgpﬁg?\'éle%%iﬂ@%? ﬁ\/lﬁ‘\g %F‘ogé"&eé‘g".ﬁ oﬁﬁjﬁep cs)hltgi%g tool (5) at the
location of aapiesttiibeslemtdiay conti@@tor to B8. Herutbnoveadngfta bosdingtaalrantsf ¢he previous
claims, thereb a%(fhataﬁtﬁqrize ytlgﬁg% (lg%rrlgl&g device (1) according to one or several of the previous

claims is utiliZ8 point, there _
5 that for its oscillation excitation an oscillating torsional moment (M) is applied to

the bonding tool (5) at the tool holder (6), with a geometrical axis of rotation (A) of
the torsional moment (M) that extends transversal to the tools longitudinal axis
(W) or that introduces an oscillating torsional moment (M) and an oscillating
translatory excitation into the bonding tool (5) for its oscillatory excitation at the

10  tool holder (6).

32. Process according to the previous claim, thereby characterized,
that the oscillating torsional moment (M) is introduced into the bonding tool (5} at

the location of a node of the bonding tool (5).

33. Process according to one or several of the previous claims, thereby

15 characterized,
that a bonding device (1) according to one or several of the previous claims is

utilized.
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