BONDI NG DEVI CE, ULTRASONI C TRANSDUCER AND BONDI NG METHOD The i nventi on
relates to a bonding device, particularly for produci ng bond connections
bet ween el ectrical conductors made of wire material or strip material and
contact points of substrates such as, in particular, electrical circuits,
wherein 5 the bonding device conprises a bondi ng head which can be rotated
about a geonetric axis of rotation, in particular a vertical axis, and on
whi ch a bondi ng tool and an ultrasonic transducer are di sposed for
ultrasonic vibration excitation of the bonding tooL As is known such
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15 those oscillations into the conductor until a 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 too! 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



transverse to the tool's longitudinal axis that is utilized to produce a
bond connection. Bondi ng devices with ultrasonic transducers provide

nuner ous advantages and are used in a nmultitude of applications. Frequently
there is a requirenment to produce a nunber of bond connections within a
smal | area, 5wherein the so-called bonding head, i.e. the subassenbly of

t he bondi ng device containing the bonding tool and the ultrasonic
transducer (as well as usually a wire guide arid as the case ny be for
so-called thick wire bonders a cuttin tooli are needs to perform
qui ck rot a?@sﬁﬁﬁﬁé%@eéﬁﬁéﬂﬁ‘gitud@?[?’6%18139'3&* %“‘ﬁjtt@d’rﬁgl?ﬁé‘c ‘?"Ej axis of

rotation. dheecl@fml BbAdhg BeGORMEEH LIRS nicHrAksdaesrs prévidnsdne®ns 10 equi pped
with a bonding head due to its function and hence its g{eaﬂgn exhibits a
[

| ar ge massAdvgAtages and prsarseddn aanylilyde abaprisations orstreityitiy®raet or

hanperi ng rfeHﬁ*rérﬁérﬁ% BRvdfbe bhanbergdi mdheadediots daBRrémagl sreaequi res | arge
rotary drives. this context it is the objective of the invention to

furthers devegrei the §@ﬁaliq¢d3qmémgdteaéf' q-Hige %HQ%S%‘?FBWV ohHePrdg AR ¢ hat

parti cul ardantdifiRg ﬂié%\dﬁgttéﬂ%d]tﬁ@@%%m@ﬂam&@r @&vdlamRlsya@yvei ded. The
obj ective 1 s acconplishe the invention firstl andfutﬂ‘]qhﬁlgally by an

enbodi mentWiihavide angd Héthﬁeﬁ%edw 'é%fqréﬁ"f@ﬂe%ﬁt‘lcér’(‘ﬁ'i NGers; eu oni ¢

transducer r%ﬁ’étf?ﬁeé hgedt HgfetforR qai‘ck%thﬁ,nﬁbﬁuhstda@jrfwé véricdliy@riditeact i on of
the axis o m ni mum nmoment of inertia (with or V\nthgrinlateral

di st ance) m@i@@' puip &f rafationo Thetach ksha cppventignal uBrasPEEAENSIHSST t he bondi ng

head. {ihe é{tf?ﬁp%@%ﬂ&\'é)B&fﬁlﬁﬁaﬁéhddc!Je%ﬁt'sQ%dtlﬁnbh@héﬁé&m iyréxastsizon of the
ul trasoni ¢ transducer, wherein it exhibits its |argest E@%SI cal  di nensi on

in conpar i g Mass mement S fRarimisdrgaEes 4R a CRNEFIRIAG a&f‘ﬁr ReTGHEE axis of

rotation obdiag ob%cﬂdﬂ&na%gd lafd I&Eb&]‘ﬁfnﬁly}fe@.u%%f@brrbt@%l drivese. not
necessarily a constructional axis he chosen solution according to 25

the invention a reduction of the mass nonent of inertia with respect to the
geonet ri can thissantestbtisdhe ebiestivesf the ipyention ie furbeedevelap 2 BApHPY son t o

convent i ongl, lé%od?gﬁé‘gfofg?r‘{érﬁﬁﬁed‘klh? sAchRialpatie@sdy @B ddadexitansd on of the

ul trasoni ¢ transducer perpendicular to the geonetrical axis of rotation of
t he bokdi ndesivdloet] abmeme@ lﬁf@elyam'@ﬁ!d rotations of the bonding head with
respect to its perpendicular geonetric axis of rotation are possible

respect | votyo SiBUEGs MdoBiSHRd /e Mvenlar fRARLN AiahBRtalpbpbhonal dr i ves

in conparison Second f ‘according to I nvention features an
ul t r asoni cembatisdoioengreipding ineinl drdction of exensimueiiae diéraperic frapsquser ul t rasoni ¢

osci | l'ati on, pEXRL hRLdBA oP ExtbASo? LR IHR%ireBiod fendaRdhthedevi ce, wherein

the ultrasonic
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



transducer conprises at |east one oscillation exciter and the oscillation
exciter conprises at |east one piezo elenent, and wherein an ultrasonic
energy source, particularly a voltage source is utilized to apply an
alternating electrical voltage to the piezo el enent. 10Based on the

af orenenti oned state of the art the objective of the inventionis to
further develop such ultrasonic transducer to achi eve advantages with
respect to manufacturing technology and/ or its application. This objective
i's acconplished by the invention fIrF and fundanent al | an enbodi nent
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deformation direction 1s defined as the spatial di rectl on in which conpared
to other di thecRipgmelergst.| ar gest deformations occur (i.e. contractions and
el ongations) caused by the applied alternating electri caI vol tage. The
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remanent polarirzatio tion of an alternating voltage to

the piezo elenment it generally experiences alternati ng
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
faterally 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



contractions and elongations in all spatial directions, in which the
respective 5magni tude and anmount in the different spatial directions
usual ly varies. The invention is based on the know edge that specific
alternating voltages exist, that in a case by case specifically allocated
single spatial direction (e.g. geonetrical axis of the body) result in an
el ongation of a larger nmagnitude conpared to other spatial directions, in
whi ch these frequencies are al so dependent on the formand 10 the
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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.



According to the invention the objective is firstly and fundanental |y
acconpl i shed by an enbodi nent wherein one or nore ultrasonic energy
sources, in particular 5 the voltage source or the voltage sources,
preferably the frequency and/ or the phase position e.g. of the alternating
voltage or alternating voltages thereof, are chosen or adjustable to the
construction of the oscillation exciter in such manner that in operation,
particularly with applied alternating voltage, the main directions of
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material or strip material and contact points of substrates such as, in partlcular,
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 toal holder performs an oscillating rotational
movement and fransmits this movement onto the end of the preferably elongated
25 bonding tool 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 to its linear expansion
respectively its main direction of extension. But this oscillation also called flexural
30 oscillation or transverse oscillation is in contrast to the state of the art not excited



cal l ed node of the frequency dependent node of oscillation. The transverse
oscillation is transmtted to the entire bonding tool arid causes in
connection with an appropriate design respectively configuration of the
bondi ng tool that also the 5bonding tool tip perforns oscillations
transversal to the longitudinal direction of the bonding tool, that can be
transmtted to an electrical conductor for the production of a bond
connection by pressing the bonding tool against said conductor, It is
understood that in the context of the invention also cgonbin ﬁtlons of the 10
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ul trasoni c.dngalisducer conprises at |east one 20 oscillation exciter,
preferably two oscillation exciters oriented parallel to each other,
wherein each oscillation exciter conprises at |east one piezo elenent
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enbodi nment e Tnvention it 1s preferred that the ultrasonic energy
sources, pearamicaloapiego-elestrigorysdge issgatesed- preferably its vol tage frequency,
i s chosen or adjustable such that when applying

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 to 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 larger 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



the alternating voltage, the main direction of deformation of the
oscillation exciter and/ or the main direction of deformation of the piezo
el enent respectively the piezo el enents extends along the nain direction of
extension of the plezo elenent respectively the piezo elenents. 5In
particular in connection with the third enbodi mrent of the invention it is
preferred that the design of the bondi ng head conponents that can be
excited by the ultrasonic transducer and the alternating voltage,
particularl |ts freguen%¥ht|s chosen or adjustable _to each ot her such that
|
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el ement g eagh d,ﬁ%[&e shape of a rectangular delimted plate, wherein the
edge length o? e rectangul ar contour is larger than the thickness of the
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respect to Inrespgpitathe givrgmentienast ¢rabedinnentstadthe inverdigadhereds glso the
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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
possible. In another advantageous embodiment of the invention one or several
piezo elements each in the shape of a rectangular delimited plate, wherein the
edge length 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



wherein each oscillation exciter conprises a piezo elenment holder and two
pi ezo el enents, that are nounted planar to tw surfaces of the Quzo el enent
hol der that are parallel to, turned away from and opposite to each ot her,
preferably with the planar surfaces glued to them Thereby and in
connection wth the chosen frequency of the alternating voltage it can be
achi eved, that 5practically only the el ongation change of the plaza
elements in their main direction of extension is utilized for the
oscillation excitation of the bonding tool. By neans of tile planar

at t achrrent sigfilat mechelemntsil hebanegnaunied plABAIP &% SHERGESOf 1ehie®ft , which i s

pref er abl yelgﬁ%ﬁt hSIQLP SCP%ﬂahé\ t6; tgrréa%%\}ay%rﬁ b POhsHite tosemfah@md

accordi ngly us eac I"ation excitef comprises a sandw ch-like 10
ar r angemenprefdrakly wéth theplapireugaesscatved tobemef heyebnaehinGuNe@®dsi ng pi ezo

el ements. |y GRIEHRELA ﬁ‘?qLYénWOF mb%usma{.h@%@afgb%aﬂ% ddARvalame: menti oned

parall el arrangenent of ‘two such oscillating exciters it is preferred that
t he pol ar i practicly anydes elongaionshapee @ﬂfbﬁi?h??@ elapgréhindheir B8Hst i t uents of the

same 0sci | &?5%1 kg opégéﬁ&;n |s%'i|ﬁze‘aRBr°£ﬁb %ch E:*ﬁ e%i%fon‘@fiﬂé BSRRRGbolt O their

di rection, us qua& have pposi t eading signs. In thi's context it is
al so pr ef eBy aansaf therpéarpola&aqhzrmnt @hth§|WQ§’@tquihef6$ atsdhe PEZPNRIFET el enent s

that are a%l%ﬁ't%h?%hir Oumaf‘efé)réblgfﬁfaace np A4 ks 8E BHleclWH tilGHigm ! 8 OF i ent ed

ort hogonal I'y awa he s the piezo el ement hol der, and that
t he pol ar i gefeinard acoetingly Thos eﬁﬁw%ml@t'pﬂ@mteépéfﬁém@a%ﬁﬂdwhaik@ attached to

the other gtaf Lﬁja&ace #’b{rﬁ%l gﬂe%*s éﬁ?h&@éﬁb%@e@fv&cﬁéﬁ&@mﬁ%&&t hogonal Iy

towards the s i ezo enent above nenti oned
enbodi rrent@emhetsdbmqfﬁactmnfwl@rtbﬁtcoaﬁgldaﬁ!ﬁ‘rf!ﬂdctbﬁ‘@bp‘ye wepénedpacaithges in

Length of Lfshdehn® 5ol dich Bchﬁfﬁgte%I&irfﬁrs Bietdriealth#fe pblbhzdtioRar L1 cul ar Iy

sinpl e electrlc clrcuit 1ezo el enents are connected to
the same rdgséien pleikso elameﬂtswhlchtarmgormtlwnt&pfm@we gsdiatinBt i ng vol t age

and the pi ﬂe?se'ﬁ"la% y&é‘ésﬂaﬁéﬂmﬁe@ &:tt(gf H’b%énod m&%{ubg.quar this

provi des the possi b easi |y con ect piezo elenents to a free
surfaces femposie Imamgfagm inHbispoatest ibiseempr efﬂﬂledéhat thepelrdzatiodr asoni ¢

source, paj; Fécﬁb'rll Bﬂhg @ feQS MM rRI B HY £BcRedto he e(ff@ﬁé‘ﬁft Phiexp! dering

joints. Thus Fasohi ¢ energy source respecti v age course can
the utili zddmemmderplmnaﬂlw @mogoaalwuaw@yérm t"@r%ﬁﬁfﬁpﬁgf theliezge e.g. in

element holder, and that the polarization direction of the two 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 voitage and the piezo

25 element carriers are e.g. grounded. in particular this provides the possibiiity 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



30 the formu(l)=U cos @O and which is applied to all piezo el enents,

e,g. by wiring the connecting wires to all piezo elenents in parallel.

Anot her advant ageous enbodi nent with respect to the previously described
‘node of operation is an arrangenent where the geonetrical |ongitudinal axis
of the bonding tool extends parallel to the main direction of extension of
the piezo elenents and/ or along the geonetrical axis of rotation of the
bondi ng head. A preferred space saving and 5stabl e enbodi nent conprises two

pi ezo el enent hol ders that are constituents of the shared single piece
transducer K8WPdimgnt Wih cpsnsekiodhaprayioyplystespibadyprdeef perations Bl di ng t he

bondi ng t00|arrbﬁ%éth%g’b%m%tn%aﬂ%@tﬁdu@&%xns@? t!’ie,hlé’dndﬂ‘@;tt@o['éxtérﬁisaI SO
preferred that the transducer body integrally conprises hol di n& fork,

Wi th hol der ParaHg! i g main direstipmalAensian! tambiogs RIRants 8T 2EAOBATISI o7 6

el enment 10h@b6‘1ﬂétric§l dxisSof refa8bh Hﬂﬂh@%n&ﬁ@th@éd %E%feﬁéd @d@@b@ﬁﬁm@ﬁh@d' ment of
the invention an ultrasonic transducer conprises at |east one transducer

body and3at Slablesgmbniimeaicsamisises Ve RIEZe piegiest Baldars thafare copstifypats of
transmi ssi 0'§I1é)§hatré’t¢5|ﬁ§lé'pﬁéc%ttia?@§ud¥r @ewa@lmehtd?areﬁaw élb@iHeQBolQ%q‘dér' ng

element itself is connected with the transducer ré/ sui t abl e neans, and
n

it proposes fordioding hadonding frd wdmpéﬁwqgj%ag a@é\ﬂlﬁ Bfﬂﬁ% thahagte it

ul trasoni ¢ blsaRPetEred tHak ﬁTeQFa?QHMcéNbbBy frh%‘grﬁﬁy ¢dndprisgla Hmilﬁg?formwmt ed
bondi ng tool conprises an oscillation npri sing a waveform whi ch

produces a hedsat ardhalgytits 'PHQ'FW%%W%QWCP@@S&QZQ%&H‘FN east one

axi s of jpot %Mg,nml,tg IdffRudPENddnid gped nt of the bonding tool. Alternatively
said waveformin the nounting point of the bonding 20 tool may produce a

conbined oscillatory excitation for rotation and translation. In a
preferred elfb@m"i*ﬁafrﬂmwlmmt of hednyeniian @Railteasenicl teansauces CeMPESescHt el enent i s

mount ed 10 [dgr {ARSHERG Xén@lét fe%&ﬁﬁwe%é&ﬁl‘a\ﬂ& éa&ﬁ’t'fn Ieﬁ@ﬁtrfhé’c'f&s“r e and/

or materi al COI’]tII’]UIt ?% ?P ra2|ng, |ngec I's al so
preferred tﬂ@ttratrﬁmlssm q’fltm peril ationapiogresd bmtmmsﬁdlat@ @Mtagteé%nwtt h respect

to at |eastqn8s EQnﬂ%%?edz\ﬁi‘tfPﬂﬁ'tFa‘r'\gHtﬂ%’r b8} By ShitdbemBansiang it RGPoses

perpendi cul ar or at least iIn
15 for the further advantageous development, that the ultrasonic transducer

preferably with the at its tool hoider 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 to 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



per pendi cul ar imagi nary respectively geonetrical axis of rotation. In
further detail a possible enbodinent allows to span a hypot heti cal
respectively geonetrical reference plane through the geonetri cal

| ongi tudi nal axis of the bonding tool or a hereto parallel geonetrical line
and through said rotational axis, that the at |east 30one oscillation
excitation elenent is |ocated interspaced to the side and that the force
exerted fromthe oscillation excitation elenent onto the transducer body

acts into or predomnantly into the direction resgectlvel y arallel to the
(i magi nar yfoesetexgtded fromghg petitatiealexaifatian glemans opgiae HgNTBISE ‘?C{Y i s regarded

as advant aggolis, 6m5d&ﬁln5ﬁ®3| tol the d%étf&nrréﬁié%ﬁ\}ehf Baralé 6 leqirfagsarp! ane

si deways interspaced 5 oscillation excitation enents are provi ded, that
are arr angedensisgblongiccial exisief Srerhondipoiteol, b isgegarded ap REVINERIRWHce pl ane. | n

anot her er@ﬂgtd?m@é“shv&m.tmesﬁs&qme (kb ROk SABKENS ifRMRESd Ppreferably one

or several tage sources or current sources, are provided for the energy
suppl y of Qawlab@texqrtawqrbele@ﬁai&aa@ pesyided effahare, armge%oaw'te@ﬁﬁ%@t ed to the

oscillati oy &P‘\&tﬁd:%%(}é& {h%%&c%%et HdndteenitflrRémok8@s bldrat i ons t hat

are phases Ifte rred enbodi ment a m ni mum of two
osci | | atl duitresmqqterwlscmr@eﬁenteierably oge oA figiatial eItk FOUFHLTAUMERE 1 ef er ence

pl ane, r&soﬁ'regﬁ?&ndécpﬁpﬁ{ét ﬁé‘ﬁ% Lﬂﬁlfjdfftlfnéaé&mat@h desta0bn bletengf er ence

pl ane osc t|on citation nts are arranged in pairs opposite to
each ot herwhigheresgonnesied trethemssillatianexsitationesieraerip sHetethst HiK PEEHER ghbor i ng

osci || ﬂ}l O&cﬁléﬁéﬁsq Ly e L §ﬂ|ﬁt gdz,nnect ed with the energy source or the
t or

ener gy sources suc m oscillations with a phase shift of
180 to each other, and wherel n OSCI Ilation excitation elenments that are
arranged iln qqabfesredmdlbmmhemaspiGMUmofwwacﬁiﬁmremamraﬁem@pbcaﬁete to each

St bea o ATAMEEbAZAL) hio TP et Adl i, SRS of BB Mcnfaigbhy 2| on e/

orm os ons w ase 1ft to 1800
to each otmﬁerentAsn«insrqiam reéei'eam plgee osciliativo ekeitation atemwrﬂsmgamngh@ i nvention

o thet odimrert BoetTaay rast G Wrereth BSGnIi R bl rBRrkb i, ) "esPect
osci | | gt i omeighboribgbsailfatioh eneitetisn eleends areanonaagiedi%hdwdaahﬂrnﬂswmee ot her on
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| ongi t udi n¥l Fovi des ortunity that
t he transdBmeho b@@lyotn@:rrand sesraimbstiltien esdiatibmticarmnexitiat areiaangédnent

d that || at Ll | ement ferably all
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exciter, atgnkaeaiid tid odoMRtioN BASIgRGourepROBsdilatish @as@yamumssucﬁ aces of the

oscill :za(} ! 0trr]1at 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

10



30excitation elements carrier, wherein the oscillation excitation &orient
carder exhibits at |east substantially the formof a rectangul ar cuboid or
of a rectangular plate. In so far such ultrasonic transducer is of a
‘fundanental ly different construction conpared to the previously described
ultrasonic transducer wwth two parallel to each other arranged oscillation
exciters, but also allows the 5introduction of an oscillatory torsional
nonent into the bonding tool at its tool hol der. In one enbodi nent the
oscillation exciter elenent i at Ieaé&aone [ Ienen%ﬁsuch t hat the

t ransducer Sé@?'t%ﬁﬁﬁ?grt§E§3t6’F\tWyH??ef°HF r%‘Ft% ”W P& of asedERIal | pi ezo

el enents, WR|d (Ako FAasth (iadenTs frhaddutef s&ﬁurf@ﬁddrmtélgrdﬁ@énta rectangul ar
cuboid or a rectangular plate, 10 Fromthe aaé)ve it becones clear that the

bondi ng devFeRstEction epmpares q e Rraviewly descahed pirasenis fraasicer W Mucer

f undanent al bxrameMb@taeh Bﬂ@ﬁhﬁrﬁ&ﬁ;eﬂt(ﬂkmaﬁﬁn &hfedy, but dEPMbWertaesducers usual 'y
used in ultrasoni ¢ wel di are excited by one oscillation generator to

per f or m P on#ItGHFHOR °f@§&sP'il%fPWdﬁ§S‘°'l§\HH‘°me&'n§m thethogdipgdeRiat itaiqohns to a

tool that isoRef dMERE eRBEMARAL G REillbtorf HRItE SI8RHENOB aPleadSdid pigid on
15exciting it to performflexural oscillations. The invention in, contrast

targets a nelRMRHS Py %ﬁ@h@.trﬁnﬁqwe&P?%wmseannyrﬂ?@rﬂ'e%ﬁetawsnﬂa%q’erto t he

transducer hsiding dIQRERT cIBRERS SAR¥A atl lRHS fARIArBHIANSEattRRThe #rhi 6 Wi th
respect to the mass npnent of inertia and the physical volume of the

_appar at us i GRNGUERY &8P Of A reqUIIPIdtRe manuf act uring cost of the
transducers may be reduced by using sinplified body 20 geonetries (e.g.

pl ates, 1§l arﬁ'o?nmetibo%mme%on@@%wmm&m e dBcefatbdidghs tessenbl y of
actuators respectivel zﬁ oscillation excitation elenents at the transducer.

Accor di ng t BIVEROneafislots WisaRosicdransgeceriyrdameially deviadg framdbe piatgiofdBeve t he
I nvention pEARRREMm frAdubss uaBAIY Hetis Li@Boré w%l@%ca&c.téd By ohdre direction

of the axis of the m ni mum nonment of inertia of the transducer, and of
25t he t ool peciliafiengeasfiator fheefqranngitusingl 9S@Uailpﬂ%cﬁn¢dra@§mﬂ|th<a%q ons by

osci |l ati oneEXEbRE & 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 fransducer, 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 rotationai 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 is proposed that the transducer respectively transducer body consists
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respectively oscillation excitation elenents, such that a wave form

devel ops at the operating frequency, that perfornms a fundanentally
rotational novenent at the nounting point of the tool and thus excites the
tool in a node of its waveformto performa torsional oscillation. In an
enbodi ment according to the invention it 30 is proposed that the transducer
respectively transducer body consists fundanentally of two coupl ed areas
of a preferably plate shaped body of arbitrary shape and as the case nay be
variable (particularly in direction of the extension stagger ed‘? t hi ckness
and exci t ddndamensalhsofdivo cewriléd ancasaf 2 resferably plaig shenad/kady B3It i on
excitatio r i I b i hn the 5tool
oscil | at egs rlghsgﬁgtagltgé;%&%frﬁﬁﬁeg !{)%a&t% ‘eet @%g{;‘}g{?r[ggﬁy&%ﬁe erggwg?hl east two
act uat or s gtaggsréd)dbickoresexoi extiiedbyehegnsmiOpcilgtionaxotara ESFEaEY in the | eft

or right %s%ﬁlﬁﬁgh Qﬁﬂgt?jdrp&e Pﬁtgrto Pésr"fc;rﬁ’f:l%ﬁ%;ig];ﬁi'ir{am@séilfa%ﬂﬁ#lé\ﬂfe'i'eiﬁlf'f‘?é are

parallel t0o e nmaln directron of extens Preferably the actuators are
nmount eds e.tgol degillbi@ad the, planetof teplateestagiet pody. IPreferabbeatilents Wy f or ce

closure, fa%&dﬁt&gﬁ_ééﬁ]ﬁati@ﬁgxgﬁ{igﬁ %I?lne?w%‘} A BUAtEY 8%{n%r PARS X & rihi ernati vely

or in conbi e driving actuators opposing each other is

pr ef er abl yarea oplvapesing outensurtacee df thertanadeasr tiangre paralidta WedPdiNon at | east
four actuator j [ ' ' & BdiRfhd, ®ut Wo
opposi ng gc&'%gﬁoégfrs a‘%:rlesgotnoﬁ%fﬁ)eéﬁftymé %‘ggﬁﬁtﬁ‘{‘%ﬁi‘?tt a n@t(lt end g¥oayal lel to
the mai n dundabémallyodll @xnedtions hy farte hicauren®rardesurhana@alpsitbr s are again

D o AP Yool bk DoBAB S IRNRAS: hWEriRigh oG divhiiatdrg ant! phase

(phase 1s prefe egar rectron of the main
di r ect i on apfposinpemsh otheaischrefaeablif iorbasatin one emdedingmt apgasdivgidtienent can be

categori ze . rid rﬁ?‘é : Al LS QHP o DBtedli§as. 20
Anot her er%ﬁ‘é%‘?'ﬁﬁﬁ%’%%‘{;@?"ﬁ% oqyﬁﬁt‘ﬂégﬁlﬁggng&cri ed abovg features a
t r ansducertwoappbsing ngteo suriagek af thedivapedpled @yeastihat axéeneparalisdta the

oscill ations. . i I \REF It SRECbNehY abdIf pRsEisblyat i on
excitati onmélpté?{re@%{@ é}ﬁeg(téng@é %ﬂﬁ?’g"& ag%a P‘\%o out%r.r su?#%cgs' ogpggi ng each
ot her Bnd ¢ravenlin phasepwhereas thertsweareas aredrivenin aniiphesembaseisr . The t ool
oscill ates }gn bggg%éoﬁst to the 25 transducer consisting of two coupl ed
partial bdiFEE bed above, perpendicular to the plane of the plate
shaped body. This provides the opportunity to nount two actuators

(oscill atiWﬂh@%c}Hr&ﬁiih@@irébt&iﬂi&ﬂttmémem difeetioubiaextensidnaareithén t he upper hal f
of the body and drive themin antjphgse. One, enbhodinen rding to the
i nvent i on ¥BFHIGNYRAS WQ%FWW?%S‘@PIqeﬁ%”ZGA BEB\eftieEC

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 osciliation excitation elements that are
mounted on two outer surfaces opposing each other and parallel to the
transversal axis of the transducer. The too! 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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30 excitation elenents) nounted on the transducer, particularly two
actuators on each side and one each in the upper and | ower half. The
actuators |located on one side are preferably driven in antiphase. Hence the
actuators | ocated diagonally opposing each other are driven in phase. Wth
respect to orientation and construction this enbodi nent can be categorized
as a single-piece body 5vertical transducer. The invention provides for

ot her enbodi nent conpri sing conbinations of a vertical transducer with two
coupl ed areas and the single-piece body vertical transducer. These

conbi nat i on@a@lhalse@nﬂwee@aﬁhimgewaeeranﬁi lower gt The agtuglosnloceled®®t onl v

osci | I at e 0gn@ sifel BllferabNRIrRER iPAriPhask. Wéf"lbé% Atuftdisodiétd or to perform
10 an additional novenment conponent perpendicular to the nounting plane.
The i nventi girganaly crmpalnwa@%omepﬁ@d@y@nﬂ@ph@ﬁeowﬂ&i IRgPas L TEHERERt | ons
preferably, ghy %onéfﬂktl&?ﬁﬁélﬁflbdl%eﬁpédﬁade UREGorBe8 B8 S dindle-plR@Bbly Parts or
ot her parts that coul by ul trasound), between el ectrical

conduct ofs Nediealdrangfivesrmat erial or strip material and contact points of
substrates such as electrical 15circuits, with the foll ow ng process steps:
-Provi di ng arRofigiRgord 59 ?‘rdeﬁ'fd?‘&tt@ér’éﬂm%ﬂlrh’%ﬁt Hklﬁ ChbABRAHGR off0r the
ultrasonic excitation t he bondi n rel the ultrasonic
transducer vonpalitemsduger mdthdwo enepl gicias And dhe singletrigcecdindyrvegicakci | | ati on
e LT COMah SR eRiTHb R ARSI AnE! RIBBhand QY hF Bt PhiAg phb fason!

‘energy source 1o drive 1 | €20 € source to
connect an Aoleescitategn elséfatglhl kel buﬁ@laoayba Pl@CLt'afdJa;ﬂT erzdj 0étcem'fqrm and

| | at t th
o oct 11 A7 "2 BB HoyRinen] EldtdndAerpBRlclH oAl ABRLTS 1% ont act
poi nt .

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 ultrasonic 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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Wt respect to the statenents above it is the objective of the invention to
further devel op advant ageous enbodi nents of such process for producing bond
25 connections. The objective is acconplished by the invention firstly and
fundanmentally in connection with an enbodi nent wherein the oscillation
excitation of the bonding tool the ultrasonic energy source, preferably the
vol tage source, preferably its wultrasonic frequency, is chosen or adjusted
such that during operation, preferably with connecting to the alternating
voltage, the main direction of deformation of the oscillation exciter

and/ or t heultrammlajﬁrecelencpms diosdafoopaiuistied sudh ti‘lahéurmgefznﬁréllo@nﬁﬁ‘?ferﬁ%'mrl ent ed

transversg| with gonn? i OQE%%JI}\%ﬂOltggé IT'% n & tIBII1 Sﬁaefﬁrln?élﬁﬂtof The effects

and advant 4 ages o er enced above particularly in the
expl anat i oths gseiliat@minrexnigertamdt bletheemmdlr@ttboof defntmativnmf (ﬂ'uen@ezq) t he

i nvent i on. %slggeef.gxﬁgatma 29edi il B F1ckatbrliRERS T of R pREBYHA, bOnd

connecti on éra bétween r| Car con wire material
or strip nilteefats d@bataotagesof thpoembcsd:menfsanbsefeweed sbeve pastiallast ri cal

circuits, ifh, sogfnatl%% g%\dtz?ﬁie Bfﬁﬁ%%%céﬁoembof RN Qchg:Pﬁg ﬁgﬂg' ng tool and an

ul trasonic tran cer rasoni c excitation ondi ng tool and
osci | | ati oinventiont ati on of the bondi ng tool while pushing against the
el ectrical conductor to be bonded by neans of a bonding tool onto a contact

mvent i on Dropucst SRTHRRS Y ALty ARG RM aftheBtE} 0072 I ng

SCi |on on an oscillating
t or si onal pmfmaﬁ!y bstvxepplelefemdabcaridectbmdad@oftw materiaher stipmatrslaller, wher ei n

th t t ted

tr ansvl) sard @it oot o ECh ST il Wedyte Litts, RTRR A 80 N ageous
further depreteysraters: dfrotitiingpr ety tad codadinngtrasonidieansdveatfordhei s that for
t [ t

osci 1 at i rigverdiser oy &luf Bariid oo Edi ey SRRuRIRMD BRI (e

t ool hol defopl whilegiudingtagaimet ithe tehestrimahch muigctootl beabonded Hyoneansgofdevi ce
respecti veé%}darf%ttg&ﬁgon%éﬁ Cthpeﬂil'ﬂ- a tool holder holds the bonding tool

preferably ef fects and advantages of this enbodi nent
are referenced above particularly in the explanations pertaining to the
third esrbopiree bdastaedus (urther tesldpivan of such froedssrthbinventien process nay be

P e progosasbebior i aogiah O bR oA oRBRhurABRYnal MofiRRl o0 2t the
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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From t he above it can be concluded that for the energy supply of the
oscillation exciter or the oscillation exciters 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 5the generation of ultrasonic
oscillation (i.e. as ultrasonic energy source). In the context of the

di fferent enbodi nents according to the invention the termoscillation

exciter is defined in general as a holder wwth at |east two attached
osci | | at i on Féxmithepbevedigamte concludedthal fefithe eaergy sHer!y of thetaseaigler ei n t he

actuat or caRygeheF fle déch’lﬁtn&?é&ﬂe@bréfepétﬂyButﬂo?ﬁééés%éﬂnly%oﬁh@egs&frbé‘c' ple (if
i npl enmented as 10 a piezo el ement) or on a magnetostrictive work ?

princi pl e. TABbarchpeare Niemative!yP 6 888 B5SQYCE) CHITRR} SOHTaeR Or ofhwE B R

preferably eaBRyIs3ArcRE (dh14 ﬁ@gnéﬁc éﬁ@@@%@@é) h&PRAGE by 8h¥rgd sBardirelg devi ce
t hat exhi bit oné or severa forenenti oned and/ or ‘Subsequently

descri bed athe 9enaration of UltfaSPWCtOﬁ@'”@f&nl(b‘wW'ﬁbﬁ@ﬂ@r?f‘@(ﬂgk%ﬁ%ﬁ)n@ﬁh% of the
i nvention chhtekﬁofwalﬁér%ﬁﬂemaoamfeﬁtsl&%m tothd hveRESRT BBE&n O the

illustrations bel ow. They show Fig. la side view of a preferable
enbodi ment  @pcibatiopmaritr] ihdefinedfin aenrsarsheleor with aldeastdvagtiashadne

i nvention, %b&llat%n%xg?é?%lérh&ﬁs Re! MRRGI 046t oHeBW¥rRtorl MRekdiiedeiffiorshown i n
Fig. 1; Fig. 3a side view of the ultrasonic transducer in view ng direction
|11 accor di 68" geesaky ke 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 atiributes.

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 |l according
20 to Fig. 2;

Fig.4 amagnified cross sectional view of the ultrasonic transducer along
intersecting line [V — 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 a side view of the transducer body in viewing direction Vi according to
Fig. 5 with a partial cross sectional view at its lower end;

15



Fig. 4a magnified 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 25Fig. 6a
side view of the transducer body in viewing direction VI according to Fig.
S with a partial cross sectional viewat its lower end; Fig. 7a side view
simlar to Fig. 3, which shows exenplary and schenatically sinplified areas
of piezo elenents with deformations of various nagnitudes; Fig. 8an exanple
of a preferred holder of the ultrasonic transducer for the attachnent of
the bondi nBighad a side dew almilar traftigy3, véitfoshavwsrrxenplary gnd schemaficaliy

per spect | ve i ew, gl i WLLAT BRLG S ANSNARLoBRRAIAL BBV | nvent on

with an inserted too accor er preferred enbodi ment;
Fig.10 a cross semztgndmds vi ew al ong sect nal plain slightly

Fig. 8 an example of a preferred holder of the ultrasonic transducer for the
5 attachment of the bonding head, as an alternative embodiment to
Fig. 1;

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

embodiment;

10 Fig.10 a cross sectional view along sectional plane Xa in Fig. 9in 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 pulley 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

16



smal | er scale and Fig.10b a cross sectional view according to Fig. 10
wherein a nonentary waveformis indicated in a sinplified schemati c manner
by neans of a dashed winding line. 15 Wth respect to figures 1 through 6 a
preferred enbodi nent of a bondi ng device according to the invention and a
process for producing bond connections according to the invention is

descri bed, wherein figure 1 shows the bonding device 1 only in the area of
t he bonding head and the figures 2 through 6 depict nagnified views of
conmponents of the bonding head 2. In a way not depicted here in detail the
bondi ng headepter pngiudio@ldxist Wt Abitaupsr mr@éu@ﬂalaenslﬂ ip dnperted with i Sh%ft at t ached

rotatabl e tqqgh%%mwam iHE HewlseePHAFLRCS Hlckh Gty dAMERE Rbnibeh

rotation D erforma rotational novenent di ment apartlally
shown t oot héﬂ?%@@ and {riherecspgHrpevit @ HappescrevatAd tamloweelopgitedindennet er  of

a toothed pyhd S%ncﬁrrag%l .‘%o@gy redfog?tlp% kR dagtudds %n'éedr%awcﬁfround and

not shown here I stance on the angle of
rotations | mnadéd. 94erwrtﬂme@ngmnsérmsmﬁwabwatbﬂ@%%dawnmjv@wm@ar@mr| re

bondi ng hea%’ggmét %ét dldhé\bg‘{ﬁé' uﬂsﬁﬂé"sgfégféfasfo% bndbéHHR G, Pendi cul ar to

the axis of rotation conprises an el ongated bondi ng
tool 5 that pesfeebiisa a@rﬁﬁqoéan@!mtl’@ﬂl ciesutyi indderde peovids the bapding s upper

 oneh & udi o Wil BRI oW ehalRld od it Rgh aitlstga [t o @

| i kew se ver |ca of accor arre erag npare Figure 6) and in
‘there secur eévigetlf withdnayidisg gewe mtattlm@weomd thad iggerandp H:e S'éﬁdntoﬁterbondl ng

tool 5 %”prté §@§d§tﬁeloé?éctﬁéé?cgn&lﬁ?& a'iraxﬂwas&..ﬁ@ u?iuﬁfh[;hﬁgﬂ%he%ﬂﬂid@t or, 5nmade
e.g. of wire materlal ace In-a known
manner agai psacess @odtabe apleutmexeﬁ aﬁ%lmheaﬁl@twl e@ndegtor gre konsibd

connecti on, d%@n@%%%tlé’esaa Elgmp%tvl%:gﬁ Za{?»'ltﬁlbﬁ&ua %g§'l(§ Gty {agpfnphegrcﬂer to

provi de the ocatron wt Wre or st conduc ondi ng
_devi ce corrplothﬂfsm mewlemng disectigowr Eigunetwwiththagir glopcnuwgadgefrdﬁéocmedat is | ower

end that isy ntﬂ &gltlétbga%fir'gll\ﬂoqn{aeﬁgﬁd Eapthte |Féf§@5‘§e$lbé’1§"ﬁ?et rical

conduct or at uring Ing process and to be
able to 1éxegeneratlfhmvwnﬁmtiqnaﬁtyaf dut wur@ﬁaedummecﬁndtthemmmeﬂgsedew ce

T The vi ew gt B SHRH6 Be Erpiaelhetdfh G PaoERombdn e Bl RRADIERE | 0 ™"
bet ween t he pbsitbbn tingm@aydedotked |mt0\miesafadl posltlomwitmeweeﬁedhejehﬂlewé 10. The
respectively a stiff holding arm attached at it with 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 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 plezo 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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15 generally known functionality of the wire feeding device and the clanp
devi ce does not need to be explained here in detail. Both conponents are
adj ustable in position and may be | ocked into a desired position with
respect to the pulley 3 respectively a stiff holding armattached at it

Wi th suitable nmeans. The tool holder 6 is formed as a single piece to the
| ower end of the transducer body 15 shown in 20 detail in Figures 5 and 6.
The transducer body 15 nade in a plate-like formfroman electrically
conductive material (e.g. steel) incidentally conprises two each

r ect angul at6 thetsilondiedinpl esnteredreapyith raspate testhé@xignsiengesngiciivaly thect i on of

extension 17 extendin r | I i ation D and
t he coi nci ‘%W&S@P ”T @gﬁn%ﬁﬁﬁ%ﬁnﬁ?ﬁ{eggg%gzﬁ %gg‘gleﬁﬁéwgllélﬁéerach case in
t he 25 applogitiitatead 24 lofthd semerheighighé piseo cbugent holdermtthahetord 18
emanates fro c | ezo. t g 7 WM of which the
two piezo %?rgbﬁi%ﬁ Nﬁgp%,g%gglitg)@?gx%ﬁ %ugﬁﬁgg\‘é%xgqer%aﬁge? 4%%”53@%% to each

ot her (5. ematenibEsrizigad@dApart Gacthatthetwad pians eermsal holdensHié aiki s of rotation
D) to the upper side of the t I pL ducer body
16 conpri s‘@ge?%oqgsf’ f{PPﬂ %aé%fogt?%%@g] '{Lg%ﬂ'g%l%gg& ?%%Hﬁﬁé@gﬂ%f%ﬁ%ﬁp all(?:"gr riers 16
at t he bonth hgniraasionarfeay slibisi 25, phirlpds eppewareaths netawjnafars 120 of t he
retaining fork.19 contagct e j iReits

| ongi t udi neq RSP SIFOUFIL O'E%?f*ﬂ"ror’g‘g’ag%"ﬁﬁ?ggbﬁée&%iPge‘ﬁ)sf%%y 'r%gBéegft ively the
di mensi on drewd 28 fimnlp talh pbate RONTef platet28ris boltediwith screws S0t &apieece at its
| ower ngi t udi gal, end. 2 th i L hol ders 16
t hat ei‘?enﬁe ar gli?lt@? % Ig(e'gtﬂ%@ﬁ'f"r'f%(ﬂ?'r%reggt?(gén'g%éneteng?%tﬁéﬁégh&il}ﬁ%gjgem%onnect ed by
means of aoffhaptitsyi Samobintied gassa@iblyApene 32.rlofiguieat thisfearnevin gsipicker BY enent

hol ders 16 are interspaced fraom i [ kots 23, 24 and
fromthe r%agﬁﬁdﬂﬁef"@%{e ﬁs’f %V%Wqutﬁgagg%gﬁqo\g\?vh% gggé@é‘,‘ﬂﬁ% In its upper
area the ragsaimbiyfgarhesR chdpdserfousestivhs 3Righh Aaosparativelysedungdt to t he
transducer_body 15 by. neans.of scr L . The plate 29
L borted (nR bes sabicR o ARy b} HuipRpfalt fEFpste The
retai ning temi2dbiitycemzomesdidetate bizotst @ helvéthunedpeds taligusé 1tefeedad ofey 3
nount ed, assenbly, frame 32. .ln. fiqur [~ j iWCt a dashed
li ne where @SFQ’%%\‘;"@F@%? hk? meer'%ga(')ﬁ?éﬁﬁ? § ."t"@ﬁgbp'ﬂ%@g&é{htg r@q%g%{’enbl y
frame 32 cahpehsdr ffane ssdiohiddns tiRSright trhviewingdiractiin dusl tp theesklided f r ame
cross section exhipitin onparatively | i -E,a]%:{ due to
their fl ex?tﬂ{él R'Y‘{}s B)é?\;%'%giz t@ﬁ'ﬁ?’ay ?8?@0%"}3\98%\@%“ %Légtémp'?ﬁﬁ res pespcl{;‘ia o figure 1
|l eft edge 64 tHelfeanms seutibh B4f mambe A2flécted rekative herete fariancantgiradisteCe r i gi dl y
mounted to the Iley 3, whereas the fr S I L Jght in
vi ewi nd? di ?‘@'&'?"I’%HS hh%gtWe?ﬂﬁ]eg%ﬂqdwgg?ﬂtsg@%aﬁéé g@{o% %ﬁ%@é'ﬁ%t my be
perf or med Whedmhaidealt & renfoled thesframed sedtiom,1 valth elelticelly ssterndedsirest 34, may
be deflected relative hereto tor a certain distance

position.

The figures 2 through 4 show the fransducer 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 tool 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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20 downwards to e.g. press the bonding tool 5 dowwards onto the bondi ng
point. Wien the force F is renoved 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 conponent of the bondi ng head
which is shown in figure 1, with the 25bonding tool 5 inserted in its tool
hol der 6. Fromfigures 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
geonetrical axis of rotation D of the bonding head, which is coinciding
with or jussmellsideweysdisplasespaideemparsr indiguenB). alspLoncises i thdndi ng

tool . 1Ba5ed 8bmblRalTBIND Un YT U6 BorRORSHLGHEL BngY s Lo hidign

t ransducer g as chosen in the exa , I'ts longitudlinal axis of symmetry

S, apart fréniiguresatirougli 4eompeseas twpingiohhenny eedliatan exqilers 87 prigied 3), al so
ohal . . Sl j 25
coi nci des menéhs.ega?mer.'%%h o%émétbdat%{eg%rg 7 dMpridel bAS Pire t%@imucer

that is shown magnifired in figures 4 conprises two nei ghboring
osci | | at Pon elsxsnt belders716org \@ﬁﬂqé@equ riate tsbaeed; fin teffenain BieHioDSEi | | at i on
exciter 37 i ﬁ'ﬁ)&? j i s well as
each two pl %?%Hé'hgg% , |%ﬂ§ﬂr§i@§ r%@ﬁﬁ%&@ﬁ%ﬁ%&&%ﬁeﬁg%ﬁﬁggmare figure
3) rect angumdichdbe twi cartesppeding elegmeansergsthat awrachiashignedta ore

correspondi ] j 006‘%@ cillation
exciters ar gg%lgdr%@é%x‘gteg%gig %on'{td%atphag{af ao%gg%gz?g%%ﬂ%ﬁlgt é|;1ar al ?%? surfaces 39,
40 that ar estfades@OadRihat penfasiag awsytiom eadh ather, atiBeregrerginginiez® 10 el enent
hol der a J t.ac J L hat in
thi s cont act T 0fe b akBec i gFite ARG tocE, BURS, ZaRp9 sfiol MU 1T e
del i mitati othis e@p@ﬁmlaml(ye-tn%alﬁmo‘bedfawih@Pl@h@ﬁgfi@lﬂré@ﬁle dalindletion 6 and of
the piezo e LSid ' i ely

Tt ng anarareahay o shehe ShE pRzbBIGSIENGRR] 16 SRE oPh R AT HERES Ve
mai n di r ect bondesftherepe issidentioal, vdferein@n acsunpiedy iting ant alignegdondingls ent ed

hosen' pi ez B SPIERTE S RS HE A0 MEhEH ARcdle ot e e T
di nensi 66 i piezbelemxints 3 wrmrientedeparalles toothe gahinetricakaxisofyatadibn & ofitee t he
dr awi ng pl aBSnoQ{n%FéM.eTh ’cr{oﬁelll ﬁfegg réletrm{ts bé Bé{éfi?gé as gfa}lé E'I’?arjéﬁr eto
per pendi cul ar a parall e 0 the draw ng plane 0 I gur extendi ng
pl ane. | n f beeauseshdihdimension 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 ultrasonic transducer
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20 pol arization direction of each piezo elenent is given and depicted with
arrows that are nmarked with the reference sign P. As can be seen the

pol ari zation direction P of each piezo el enent 38 extends perpendicul ar to
its plate plane. Also shown is that at each pair of piezo elements 38, that
bel ongs to the same oscillation exciter, the polarization directions are
oriented in opposing directions 25 with respect to each other. In further
detail of the enmbodi ment shown in figure 4 the polarization directions P of
the piezo elements 38 of the, with respect to the view ng direction, |eft
osci | | at i oin tex ehdvar exdifmmx tsenodnpeteq énal valtdgarsoaweyt 2 yorttachegdwent act pl anes

39, 40, i.e. to the outside. | | ari i di i
b of the phEgtCalBYS 48 S SRR 0 e R AR Ghedcd B LoT he s
30wi t h r espaalieltand that axd attsichegd dt the ehdnbyaneaos pestldat j@nsH4getgendi cul ar in

direction aof _the accordi J : insi ge. The
ul t r asoni cP'EFaRsEEE ropploﬁﬁg %g&i o&nrqgrg)&‘grrsp%%ee .%a&égn%e@tteggh?@ ﬂgUV%O t age
sour ce 42 piyzasteaeht ngdérwsd. Ehe symbaahoeo mufigre dsicagtes dnatilge velgesai d

vol t age source at_are conn ed in_par . an hed at
t hei r endsswcﬁgﬁsano@{%gba\%ﬂggggtacﬂ%néfoéj r AAF %'Jn? %&b&géga{er?ggn@%téﬁsér posi ng each
ot her on témireanie. (drecpt edrass fohthe gegértatiomof ulyescaind), e.¢ apiaigmadng nent

hol der 16. The, synbol _s dn, Rl source 42
is an al t YT RGTG P g’?@%@rdc@%%%éﬁbﬁgw@‘se ychl?tQ ﬁ'IeC?F%ﬁ%td }rﬁgls){)sﬁfbg ener gy
slo;Jr ces (iared themsvigyr st ¢paifsof pidre aementapidens 38, which aisdwndyd e, g, an
alternating. .current, saurce_na id] . di tional
el ectr ﬁial 8@8#&%‘?’%@@"&% PiRd e?ler?g%rt%ggﬁﬁﬂ}'%%t%asgérazgof oi ezo el enment
hol g_er s ﬁ&;onnbbt@b elbaroeiclamnctmiud:mg:tlmtrerm(anmiaﬁddmntémgerplmhel enent hol ders
within the sante ane,. are_connecte j | i n the
exanpl e seﬁeée?%'c‘.fe ﬁgp%eddpggs ?é‘ge?'ighﬁé)g?gv%g@%h%?g %ﬁgﬁﬁ?gﬁgéte&ég%endtt he pion
el e(rjrent_s 3|80I64f1€ 16hee picanfacerahentiribalytendudive alermmivaly zotaleddcadyect ri cal | y
conductive, .alternatively, an, el ectrl t| joint would
al so be podYprductipgRo ?@8'"«51”8 naﬁsqrﬁ%} %%Srséb%lgﬁgrb%,élggeﬁa qe](feg?jj by the
r ;aI erence folary as tabéled bﬁlabélre(fenent@gwhbml@ 46y reacim (terdogefhers grovededme
alternati vol t age wi.t .€S t tog i i ls.connected to
each of thENYS ?385"8?6‘9’ @%ﬁ@%@g&l&&?%ﬁé%ﬁ?@%ﬁ g%%ﬁéilﬂ rgS‘:g?é{e pl ane, when
t he vol t ageorseticddo 42cH of thelfoue gican 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 simplification 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-like illustration it can be seen that the

30 relative positional deviation is smallest along an approximately central zone,
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While figure 3 shows the ultrasonic transducer 35 and the bonding tool 5 20
nmounted therein with the voltage source 42 turned off, figure 7 for

conpari son depicts schematically sinplified and exenplary the deformations
of the oscillation exciters, the tool holder 6, and the bonding tool 5
caused by the piezo electrical effect wwth the voltage source turned on at
a defined point intine, i.e. during application of an alternating

el ectrical voltage with an exenplary frequency and 25anplitude chosen for

t he cal cul ati ons. For S|nFI|f|cat|on the smal|l deformations that al so occur

in the areaconnediieg tha laneitudipal erds 2bokthe twefetaRngrrMsEOWAN] rgastabyer al |
def ti
ormat! ong Iﬁ]tvﬂ') iﬁﬂg@@lieﬂaggnd%ﬂ)f'}hérﬁgﬁo el@ﬂ?érﬁé i EQhpa@nRUhARRR: 9kt dahe

cal cul ation e sur Iezo elenments 38 was segnented into fields
47, del i nit &e dgariyseeas thatﬂmnlemeelamggtSa‘w&iouhwfh yitysaspacttethe Yiewild be seen
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carrier | oc&K@oSDn 1Béesmhveiy 4é, bthh@ a@ﬁ'dﬁd aliernading yehtage dring2he ocat ed | ef t
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flgure e nei ori ng ["ation ex0|ter erlgt
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Despite the e Ical volt
perform oscillating deformatlon 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 results 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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being identical at all plaza elements at any given point in time the two
pairs performoscillating deformation oscillations that are shifted by half
a phase length with respect to each other caused by the different

pol ari zation directions as 15 descri bed above. The nuneral val ues assigned
to the different hatching styles show as conparative val ues the according
relative position deviation of the areas conpared to the idle state with no
vol tage applied shown in figure 3. Due to the opposing changes in | ength of
the two parallel oscillation exciters 37 the tool holder 48 is, conpared to
the idl e stastnily thangesvehicagieo applts éta gBargednteriath ofiohe geeikation |ifted at

its left |ongi ' - t b dSiohi ; end, h
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t Pe ﬁr r gw tiBe batheospillgtixn qxsiters 3Praxhibititive saree length ol infspelia algdthet udi nal end
of the bonding.: : ' . I : hn th
geonetri ca%'@giliﬁ'ﬁ% e?tg%@ﬁe&%ﬁ%ﬁ%tﬁgl?i?égratsr?ghﬁﬂ(}fpgﬁﬁg&]ﬁ?gﬁgﬁ%%gi nt er
per pendi cudraexditatidrhef cciilalinggoREiphaimeoveimenisyefitee oohhddert geundthen| so

per pendi cul . i | i O f i ol 5. Although
all four p z%{trgfai'?rgr?%%ﬂghggﬂéu o‘ﬁ‘ﬁl’t@?@% %@ﬁgggﬁg%r%éﬁt he desi redug
gpp05| ng obemiligang tordiems monzent tvhie ttanemistediintb avd bendingiopkd.SThe3 thes achi eved,
because the [j.zati L rection .P.ok I S ~H8tids Oriented
in opposi rk%or@ﬁlrgeg{)'izﬁﬁégﬁg\gb\ﬁene%%r%é’ t \?gg%ésdg? Ipie’gft8 %‘gﬁq%rgfgﬁgli (t%eciﬁgn%rg Becguge

t he magni tEateoapdriseedijung 7 sisyrshofvstiietoalst lengikdinabaxio V¥ aidhe idmssée f r equency
isin e ult €, ] Lt constant|
cha_ngeiq1 vm#i&{\(?g?@%%rvqe)gg Sy I|Et %L%OC z’?mgg“rﬁsn%t ?Q%Staﬁggﬁ)&?ﬁgq%%ci I'lati ony

exci t ers 3ptaibnalimeocorant sjocatecgn thiepiensoge linnds eent fepesentsld $0-at certain

oL A B RSB, PR Pl fasbenot | and
opposed t oddfleglinrepefperidicusante she teferemcedine, esdl is éadatad At seselipd at i ng
rotational antnb§asR ttl’?e gc}curéehgf th& 8&0"%'0”%%@3 ﬂ{eQHS'Iqipté‘ﬁloves 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 defermation 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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axis of rotation extending through the point PM such that at the point PM
an oscillating torsional nonent Mis transmtted into the bonding tool 5.
‘Thus the bonding tool 5, as shown in figure 7, is excited to performa
torsional oscillation. For conparison figure 7 also shows the tools

| ongi tudinal axis Wat the idle state 10 with no applied voltage as it is
shown in figure 3. The center point of the rotational novenent is |ocated
on this reference Iine W La it represents a so- cal |l ed node of the

ei genform The tool in contrast exhibits pronounced defl ection

per pendi cul Efguf%atsh@/"$ E’!%?"%Qﬁ’é%eq pligrasonic tganqdpcqarsliﬁ B 20% so- cal | ed

anti node. | aeétt&ﬁapé?a& #8wan E&%e‘éﬁ&ﬁ WitRkh %eséwy%nie*@ {h8Ohad 4 BiffrenpVes
mai nly isperpendicular to the tool axis W VWile pressing an el ectrical

conduct or t H&$ign sompangd t%Bm diowe ia figengst: ftpap b@dﬁ@u't;ﬁ%mftﬁéblé)to with a
tool tip 9 e mRPEURLRA ik ﬁg&éa%ﬁﬁééﬁsecqaté%réweaah{e%hbﬁmtﬁeﬁllsaémye to the

substrate thus creating a nd connection. In enbodi ments according to

the invehti BicatRsliere.d-e !tgané@ insesied lrﬁomﬁebozmmg 'ﬁ%?@é@@@r'&@ng Iwhich is

not shown 'msféaaltff%\e7assbﬁ1bw?é’fﬁe‘e>9 thf1 & Q{HM oS At {Heaérld%z%f%{@lﬁwwth
respect to the generated alternating voltage and its voltage frequency such

that with apigiss &mbksns tat peist i9l eash eiier thp assembleframe 3¢doavachpd &

def or mat i onghifigse &&&éuemﬁt GO rrhlsaattfaeﬁmee&crhs)ﬁbé dde qurah correspond
to the main geonetrical ormation |1 nes |ezoeerrents 38,

extend per péﬁ‘ﬁ@ﬁ@ﬂ}’leh/rasta)&f‘ﬂé RS |vvz@tset¢ﬁrahpar§:lwww@bletrn@arm e£o el enents
38. The ga 0e! thrd irf@bore fd&hﬁ@étioﬂ%nh'tﬁ@ﬁ(eﬁn PtefPiteRndR t he main

direction o eormatlont IS 1N endent fromthe |eading sign. In
figure 7 théCQWﬂ'BQEﬁthﬁdﬂ\@tnil@lhwéﬁteé!hth\er?@"p@ﬁ*\@@ﬁérQ:@fPfH?raﬁt@S'F'E'@ RRG@Atng pl ane

through they béﬁthﬁ’é”Mtﬁ refBPernlééqlumeHT 5 lﬁ@%ﬁﬁ%attlgﬁ oF %Et}ang'gu%'ﬁbo&{ ansm tted

into the bon respect his axis Is nmarked h the
ref erence sﬂ@ﬁn SSB"FQ'gﬁﬂ@eé?Zs'ﬁQ\ﬁy\dm@mpw&ﬁﬂ?edIoﬂrtﬁ%&Hﬁt@tpﬁansducer 35

minly in ag ﬁ&vﬂ*ﬁﬂf@ﬁ&té até“Hn‘?&m"ih@‘é{r grbf ﬁi%% b%éﬂt hbldgn ﬁﬁﬁﬁﬁ@' y frame

32 that has rent gn conpare e one shown in figure 1. It
can be mbunthed bprc@p@erat@ll;erd@n&qaétqrc}geIhQthggﬁmﬁsaenThhgtﬁrée§2b1;herreans of a

screw connegl n%etlﬁﬁ Ef@@ﬁ chse %’Rb?{)é\b@‘m %@éﬁ’tfjal RtfRudihal®red bf h@n be inserted

into the bon own I n
oscﬂlatlon exciters 37 on the Ievel 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 ulfrasonic transducer 35, and attached in it
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instead of the assenbly frame 32 that is shown there. At the ends 52 of the
| ower cross nenbers that point to each other the assenbly frane 32 is
attached to each one piezo el enent holder 16. This attachnment may be done
integral respectively as a single piece or with several parts by any
suitabl e means (e.g. 10 through bondi ng, screw connection and the like). In
a preferred enbodi nent according to the invention wherein the connections
are done as a single piece at the locations with reference nuneral 52, the
conbi nati on of the transducer body 15 and assenbly frame 32 is a single
conponent (Baspdrecatsd firriréd 1Qes tiOk) bomeghoofa ¢lampisgiemes.glhehdirasenichi ng in t he

area of the piezo.el enent h t: teg. be
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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 39. On the opposing
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| evel of the nmounting point 56 parallel to the draw ng plane of figure 10b.
In so far also an imagi nary respectively geonetrical reference plane E in
figure 10b that is perpendicular to the drawing plane of figure 10b is
spanned by the |ongitudinal axis of the tool W(Le. the |ongitudi nal
direction of the tool) and said rotational axis A |t becones apparent that
all four oscillation excitation elenents 55 (i.e. all piezo elenents 38)
are arranged sideways interspaced with respect to reference plane E
respectively in a direction perpendicular to the extension plane of the

pi ezo el enenids tBBuprgiaze cldnenBéwommmices applasization qiecton P aateaints r ect i ons
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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

25



The transducer body 15 is a basic cuboid body made froma netallic
material, with its |ongest side standing vertically i.e. extending in the
direction of the extension of the |ongitudinal axis of the tool W Because
of the above described | ength changes in opposite directions of the piezo
el enments 38, the transducer 30body 15 perfornms a torsional oscillation,
wherein the cross section in "bending direction®, i.e. in with respect to
the viewing direction of figure 10a, 10b sideways respectively horizontal
direction, exhibits the smallest elongation. Preferably and in the shown
exanpl e t hairdction's deldrewith osbpedsoithe dewing directionfrdigiie tagiliPlesideways n its
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t or si onal cillation of the.trans ly. To b
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PIOl e folr tfmu&(lbﬂmf brting elgénfiequenao Thembytitésl pestercad (ps ishowmetheéitheer of t he

exural plane o e_transducer ho i Il off i
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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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In the exenpl ary enbodi ment (conpare figure 9) the suspension of the

ul trasoni c transducer 35 respectively its nmounting to the bondi ng head may
be acconplished by nmeans of two connecting devices 59 that are nounted
opposi ng each other on the two surfaces on the side of the transducer body
that are orthogonal to surfaces 39, 40. They each conprise a connecting
bore 60 in 30 or through which the not depicted nounting screws for the
mounting at the bonding head may be routed to the bond head. Each
connecting device conprises a solid state plvot 61 (i.e. a total of four

solid stat ebpnding sesd nayheveautad do el kepdihead cerrhecaNBEINSHHYIS60, wher ei n

these regi OBémﬁfiélésbé kol &% rptvoee@ﬁ% 26tk momrso%@aarte bRo@&1§abele t he
torsional oscillations. Preferabl hese flexure 5 zones are | ocated

exact|y on €Rebplewehe @mmecéng:pa@r M@ef%thﬁsﬁmﬁoﬁﬁ)@@'@@ omall &8¢ r ansducer
body 15 ( Coggé’tfoﬁ i | bEHérr?o ég%upléﬁfeelok%at’@&ﬁldﬂgﬁé/ Ff?éfref’éyij@le% flblasé pure

rotation, whereby t pivot joints performi hi s way may de-

coupl e the @erss @@ﬂ‘i’@ﬁﬁds%ﬂcﬁwplﬁ thereygl of Wﬁpﬁhﬁﬂ%{he 'Aldﬂ@r"lﬁ)gﬁlﬁﬁéj W8 i ants
are possi bl m r@r 5'0&3}‘%5%9}71‘]99@%9%?@1@6)VHE§3 mé%aeeﬁaa;esemﬁsmeqda@,vel of the

upper and 1 the transducer dy or on the |level of the
m ddl e and PHe motalien, w«slaﬁfebmeoqutmtﬁpaﬁgm@@aﬂbmﬂ/mms WRYdO®Y €81d bel ow t he

solid stat eg&dd@h% &lem%ﬁ a%iérﬁﬁ%npt efehﬁrmmmc;\né?gat%\uaﬁsntéwth t he
t ransducer are located. Preferably these connecting devices 59 are

nmade as a spﬁ@qlféemhétﬁén thesselid staje piyoisrare lcatadyon fhe devel althe YepRIANdon and t he
base bogy aro%veﬁﬂsdésg%fg]req% ,T%@Cﬁtﬁgﬁ 1%%&&@@@@% RRlSari e al SO

possible. In the exe s shown in figures 9 and 10 the

ul trasoni c s npde 66@f ﬁneéwsdupqmb@dné@d‘\wetamdrquveﬁ@ ﬁ@l'@ﬁt@ée PPi§o here
the oscillagj E{Jnﬁ’éc'hSﬁé ?ﬂpl eP@ﬁ%cglﬁ%teq BQSth tﬁ@tréﬁ%ueefl ng@dren direction

P and to the electrica tilized describ ove in order to
-achi eve t helocgied Pesterablitthens Q@mneﬁ@gz@vwgéﬁelm mﬁdelﬁ@es'@ﬂfepl‘i*éebase body

(particula mLéépE&ﬂeﬁﬁﬁ@@%ll&' ?"tﬂ@éu QSdn ah@tHe PsLARIG FAIEHYE Sicdd mbe

~utilized, ern th agona y opposing el ements synchronously
per f or mis| onthat devistingrembastimeaisareoalso ppagiblehange in time.

In the exemplary embodiments shown in figures 9 and 10 the ulfrasonic
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 to its first torsional mode,

30 such that also here with suitable tuning an oscillating transmission of the
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Variants are possible e.g. thereby that either the piezo el enents 38 that
are bonded to the two surfaces 39 or the piezo elenents 38 that are bonded
to the 25 two surfaces 40 are omtted. Also in the hereby generated

enbodi ment the transducer body 15 would be excited to a second torsional
node. Anot her variant woul d be possible with the in respect to the figures
10a, 10b if either the two upper or the two | ower piezo elenents 38 would
be omtted. In such a configuration the transducer body 15 woul d be excited
toits first torsional node, 30such that also here with suitable tuning an
osci | | at i nigrsianahsnimest iote the bohding tani §iosars. AratesnusiatcoembrdiBend ng t ool 5
pceurs.  AngladouRiedafef BROM JPRIgRES PARCIOLF ML BaSAsloRd. L he
figures 9 an on each surface , one or nore additional piezo

el ement s 38 ragre additiana) @itzorederberits 38 atcharrandedronerbehing the pthef indheof t he

ext ensi on .he ' ' | S 0k ; FEWYexgsi te Sthe

tr ansduceré%(%fc]f;}}1 ﬂ’lgﬁ‘?gk%h%h@r@% %h%ﬁésrﬁggﬁépélﬁa%@%%wol g\pﬁig%gﬁn%ﬁtes and

at t ri but esthdiranscasedbdrbyr i o higher {dreipnalinesrssl ves) essential for the
invention. In the disclosure of the application herewith also the disclosed

or ovi o onh! ARARALF R FR6RPHaBR RN, FRRRREONRE cSefacT (1 1

pur pose t dfor thelimaetid |ather dibcitsese aftic aphladition hersvwithadaotthe disgosedrent in the

clainms of th [ nt | i i : The. | i 'sr&ﬁis 1. A
bondi ng de?ﬂnieé'? Oﬁﬁ%agﬁﬁ%ﬁ’ee?@fgﬁ%@RgOf&%%@‘%@%&f{@@ gﬂﬁ%ﬁhﬁ‘né (Iaad (2)

whi ch can dmlicatioa) isdnchlmedtwith itpefalireomteot, aked fordhe putpase eningidle on which a
bondi ng. t oq] . and an ul I tr f Qr oni ¢ vibration
excita 0neﬁ%lpg!?e%@nggﬁﬁ)logbm%r%%m@rt@s I g%qﬁg}ggﬁEQ%ééibosncgi%égjb'{e%%ﬁ bei ng

rot at abl y applicdtied. t o t he ul trasonic transducer at a nounting point of a
tool hol der, wherein the main direction of extension (36) of the ultrasonic
transducer (35) is along an axis of a mninmum mass nonent of inertia and
extends in parallel to the geonetrical axis of rotation (D) of the bonding
head (2), and wherein the transducer is excited to oscillations by
oscillation exciters or oscillation excitation elenents, such that a wave
form devel ops at the operating frequency that perforns a fundanentally
rotational nmovenment of the nounting point of the tool and thus excites the
tool in a node of its wave formto performa transversal oscillation.
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2. The bondi ng device according to claim11, wherein the bonding tool is a
wedge, and where the wedge is nounted in a tool receptacle. 3. The bondi ng
device according to claim1, wherein the geonetrical |ongitudinal center
line (S) of the ultrasonic transducer (35) extends parallel to the
geonetrical rotational axis (D) of t{aﬁ_ I?@%gl ng head (2), and/or parallel to
the I ongitudinal center line (W of @ ding tool (5). 4. The bonding
devi ce a.gﬁordi ng to .claim1, wherein the ultrasonic transducer (35)

conpri se5N&iNVesHep CReIdRi | 1 ati on exciter (37), and each oscillation
exciter (37) conprises at |east one piezo elenment (38), wherein each piezo
el enent %-38) Aeandingsdevigei whaiair the bandingedaviess comp(ises atbendiey headd2)

par al | el whiehtdam lgeestated aigdutrpysdmendd axxios rétationf(DY)hen bieH 8®bohdingead.

5. The b@g%'nega Gl(‘g’a%ni% Fé?{sgl'ug r [35)§ P?Iﬁaéonmr%'tiap%&cﬂéﬁ&?é%'ecb y
sour ce, Imatc ed or a ugga e stuc B at \Agiéblap&({l gqg an &{&_er nati n

vol t age, 108! AP ndi§PPERY i Orgd% 1Rt P& DO ¥sEaunigqd de WiEasqnic)
ext ends tranddsger atad npuhiing pdiet whia tdok boldepn wivereixt thes ineain (ditgctioh the

pi ezo el xtengion38B) of e Urasboibdidtddest [@5)as a@iry a9 akR 6 @&nithiunhiasd n

the fre : r e r j uch
that it C“Q?Q‘-% 19§ irrfi dhl ﬁe‘*ﬁ BRI 15 0 GEa BRI S8 B roBioiDR B e
osci | | at '%Bsegéﬁmnm ﬁr%'bﬂ?q’ Hanafves i exaled & caglations by opsilaticnes

t he ul t rexoters or rsoildticr rexcslion teiements, snohdbat @éyavarfdr ievetopdi a theol

I(O iSZE-ZO el?opeTafm@ 'u&c?eﬂia%epé‘ﬁ@@ﬁ@“d“guh@arﬁb?ia’l'ly‘h;]ot%l A ﬁ@ﬁqﬁe@g @f]?gﬁée al
wherein rﬁﬁﬁﬁl@)@q &?I zach?tg]% @?fgh?ﬁgﬁg%%%ﬂ% t@%éﬁglpﬁegﬁogeeﬁgh% V(éyf?) fqo@ ]Eo ’
orient eoPEfr&rﬁTﬁltrQNﬁVWS?égﬁg@t'qrb its plate plane. 8. The bonding device
according to claim1l1, wherein the ultrasonic transducer (35) conprises at

| east twd osclhé dtanding: xevicer ac¢@djngato aglgien hawheleih the kandingt toet is a
wher ei n \padde, et Whaid pe \ﬁédkaé R'mb8ritedCiAPidob Rsceptddlezo el ement hol der (16)
and two simlar piezo elenents (38), that are nounted planar to two
surface 39, - ) t : I : and
oppost t &t o ennbafins Y BB AL fine it isidorfeiclofig GuneP
wher ei n 5N Mhea( A te uliasonic frapsQcar (o) pxiends| Raralielsto ths) 9eemetrigab
const i t vetatonaf akise(Dy axfedhe dwindireg head €2); ianeiloraparatielptosthegopgitidinalheantai t h

respect |ine (/Meoftheivopeingtool ($)0- The bondi ng device according to claim8,
wherei n polarization directions (P) of the two piezo elenents (38) that are

ttach t i . d i i.
AuLached Lo onf SRR el LELAA RIS ae) I5hedA dhe fafbh p A ANEY
pol ari > {BBbRO@Prises #P%ﬁ%)or@r °§%l??t%e>&i"f€£ 638) @ngreach egyillatign exciter 437)
at t acheccomprides at Heastofonehpidzao efgreent ¢3&nenbeteit deach (plédo alement ¢88ed
dovi co. agerer e Slietfin Bf SHErEIGTRA Al SRlorkd Rarplel el PR EMENREL o
to the Sﬁfa?'é’géﬂug’é'ggﬁgf’gj‘yh@s@?n‘ﬁﬁg (gnﬁ?#e]i rpf ree surface facing away fromthe
pi ezo el enent __hol der _‘(:‘16 , .and that the piezo el enent holders (16) are
grounded-  12Th§nkomng Gi&@”%\ﬁ%@rcﬁﬁﬁoﬁodicl?@“t 8. wyhereing anwHERSCRIG KBSEBNhdi ng
t ool corgourexeds angtebeadtari adilistablegsweidihedwherobpplyirg aijaltehedtinex veltae, a
gg;%lr elmaid cBiF@:ti&Sgi o @léfbﬁﬁbii@ﬁlto@ftg%s%n@h@n &@g%r @f?)t&&ei)%%féi’ geﬁéeﬁgm;ﬁ@;ﬁln( 38)
head (zﬁﬁq@g%%heﬁ%ghgﬁﬁg%&%\%@ @J&%?ﬁ%éfet% eé%éleﬁf , “Wherein the twog

pi ezo el enent _hol ders (16) .are constituents of a shared single piece
t ransducer boEBe(Q@)C’,ﬁ”én@\@?e tae2erdiRg oMol qavhereln the ifigauepentddthes a

si ngl e pileasnic energy source is chosen or adjustable such that it at least approximately
equals a resonant frequency of the oscillating subassembly with applied alternating
voltage, which includes the ultrasonic transducer (35), the tool holder (6), and the
bonding tool (5).
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14. The bondi ng device according to claim 13, wherein the transducer body

(15) conprises a holding fork (19),
| ongi t udi nal

(16)

7. The bonding device according to claim 4, wherein one or several piezo
elements (38) each has the shape of a rectangular delimited plate, wherein the
polarization direction (P) of each piezo element (38) is oriented lateral with respect
to its plate plane.

8. The bonding device according to claim 1, wherein the ultrasonic transducer
(35) comprises at least two oscillation exciters (37) arranged parallel to each other,
wherein each oscillation exciter (37) 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 paralle! to and opposite to each other.

9. The bonding device according to claim 8, wherein polarization directions (P)
of the piezo elements (38) that are constituents of the same oscillation exciter are
opposing each other with respect to their direction.

10. The bonding device according to claim 8, wherein polarization directions (P)
of the two piezo elements (38) that are attached to one of the two piezo element
holders (16) are 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).

11.  The bonding device according to claim 8, wherein the piezo elements (38) are
connected to the ultrasonic energy source, on their free surface facing away from
the piezo element holder (16), and that the piezo element holders (16) are
grounded.

12. The bonding device according to claim 4, wherein the bonding tool comprises
a geometrical longitudinal tool axis (W) that 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).

13. The bonding device according to claim 8, wherein the two piezo element
holders (16) are constituents of a shared single piece transducer body (15), and/or
that the tool holder (6) is impiemented as a single piece.

14. The bonding device according to claim 13, wherein the transducer body (15)
comprises a holding fork (19), with holder arms (20) that on their its longitudinal ends
(21) each engage respectively one piezo element holder (16) in its longitudinal
center area.
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with holder arnms (20) that on their
ends (21) each engage respectively one piezo el enment hol der
inits longitudinal center area.
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