U trasoni c transducer Technical field [0001] The invention relates to an
ul trasoni c transducer. Background of the invention [0002] U trasonic
transducers of this type are used in what are known as ball w re bonders. A
wire bonder is a machine which is used to wire sem conductor chips after
fitting thereof to a substrate. A ball Twire bonder is a wire bonder in

whi ch t e W I i% ui ded through a longitudinal hole in the capillary and
fastené@i?%m¥§gﬂ%3§%ection poi nts by means of the capillary, whereas in the
case of e\é\p&(t}aiifgldknom as a wedge wire bonder the capillary is replaced by
a speci tool which is also known as a sonotrode. The ultrasonic
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[0004] The known ultrasonic transducers are designed in such a way that a continuous ultrasonic wave,
the oscillations of which are directed in the longitudinal direction of the horn, forms in the horn. An
ultrasonic wave of this type is also referred to as a longitudinal wave. The bonding head of a ball wire
bonder allows the tip of the capillary to move in three spatial directions, whereby the bonding head has
only three degrees of freedom. The horn ist therefore oriented, both in a conventional bonding head
mounted on an XY table and in a rotative bonding head, such as are known from patents US 5114302,
US 6460751 and WO 2006036669, more or less along a predetermined direction, whereas the wired
connections can extend in all directions. This leads, on the one hand, to the adhesion of the wire to the
connection points of the substrate not being of uniform strength in all wired connections and, on the other

hand, to variations in the shape of the crushed ball.

Brief description of the invention

[0005] The object of the invention is to achieve improved adhesion of the wire to the connection points



hand, to variations in the shape of the crushed ball. Brief description of

the invention [0005] The object of the invention is to achieve inproved

adhesion of the wire to the connection points 2 of the substrate and a

nore uni form shape of the crushed ball. [0006] According to the invention,

the aforenenti oned object is achleved b% the features of claim1.
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alternating voltages are inversely phased if they have the same frequency but a different sign so that their

phase is delayed by .

[0008] The horn has a hole for receiving the capillary. This hole is preferably formed in the - measured

from the tip of the horn - second antinode of the second ultrasonic oscillations.

[0009] Preferably, the second ultrasonic oscillations have at least one node which is located between the

head of the screw and the piezoelectric drives.

[0010] Preferably, the second ultrasonic oscillations have in the counterpiece a node which is located

close to the edge of the counterpiece.

[0011] Preferably, a width of the counterpiece is greater than a distance of an outer edge of the

piezoelectric drives from the longitudinal axis of the ultrasonic transducer.

[6012] The invention will be described hereinafter in greater detail based on an exemplary embodiment

and with reference to the drawings. The figures are not true to scale.



[0011] Preferably, a wdth of the counterpiece is greater than a di stance
of an outer edge of the piezoelectric drives fromthe |ongitudinal axis of
the ultrasonic transducer. [0012] The invention will be described
hereinafter in greater detail based on an exenplary enbodinment and with
reference to the dravvi ngs. The figures are not true to scale. 3

Descri n_of figures Fig. | is a plan view of an ultrasonic
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[0014] The ultrasonic transducer 1 serves to cause the tip of the capillary which is clamped in the horn 2

to oscillate ultrasonically. The ultrasonic transducer 1 is an oscillating system in which all of the parts,
not just the horn 2, oscillate, The ultrasonic transducer 1 according to the invention is designed in such a
way that the two piezoelectric drives excite the horn 2 in a first operating mode to perform ultrasonic
oscillations, i.e. continuous ultrasonic waves, which are directed in the longitudinal direction of the horn
2, the tip of the capillary then also performing oscillations directed parallel to the longitudinal axis 7 of
the horn 2. Ultrasonic oscillations of this type are also referred to as longitudinal oscillations or
continuous longitudinal waves. Because the oscillations of the tip of the capillary extend in the Y
direction, this mode will be referred to hereinafter as the Y mode. The ultrasonic transducer 1 according
to the invention is furthermore designed in such a way that the two piezoelectric drives excite the horn 2
in a second operating mode to perform ultrasonic oscillations (i.e., again, continuous ultrasonic waves)
which are directed transversely to the longitudinal axis of the horn 2, the tip of the capillary then also
performing oscillations which are directed transversely to the longitudinal axis 7 of the horn 2. Ultrasonic
oscillations of this type arc also referred to as flexural oscillations. Because the oscillations of the tip of

the capillary extend in this case in the X direction, this mode will be referred to hereinafter as the X



2, the tip of the capillary then also perform ng oscillations directed
parallel to the longitudinal axis 7 of the horn 2. Utrasonic oscillations
of this type are also referred to as |ongitudinal oscillations or

conti nuous | ongitudi nal waves. Because the oscillations of the tip of the
capillary extend in the Y direction, tfAis node will be referred to

herei naftgr as the Y node. The ultrasonic transducer | according to the
|nvent|on I's furthernore designed in such a way that the two piezoelectric
drives excite the horn 2 in a second operating node to performultrasonic
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a way that the uItrasonlc waves of the Y node have on the | ongitudi nal
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t he tran%ggﬁeﬁe%n%? de5|qned In, such a way that
y, the centre of the piezoelectric drives 4, 5, or a point close to the centre, is located in

the first node 13.

B) the piezoelectric drive 4 and the piezoelectric drive 5 are located in a first antinode 14 (Fig. 3) of the
X mode. Preferably, the centre of the piezoelectric drives 4, 5, or a point close to the centre, is located
in the first antinode 14.

C) the flange 8 is located in a second node 15 (Fig. 2) of the Y mode,

D) the flange 8 is located in a second antinode 16 (Fig. 3) of the X mode, and

E) the two holes 9 in the flange & are located in a lateral node 17 (Fig. 4) of the X mode.

[0018] The properties A to D can be achieved by the following method:

- The desired frequency fy of the ultrasonic oscillations of the Y mode is defined. This is typically
about 125 kHz.

- The length L of the transducer 1 is defined in such a way that in the Y mode n; nodes occur. The
length L depends substantially on the frequency fy and the acoustic velocity of the material of which

the horn 2 and the counterpiece 3 are made. The horn 2 and the counterpiece 3 are preferably made of



A) the piezoelectric drive 4 and the piezoelectric drive 5 are located in a
first node 13 (Fig. 2) of the Y node. Preferably, the centre of the

pi ezoel ectric drives 4, 5, or a point close to the centre, is located in
the first node 13. B) the piezoelectric_drive 4 and the piezoelectric drive
5 are located in a first antinode 14 (F?g 3) of the X node. Preferably,

t he centr&m@Lmthe pi ezoel ectric drives 4, 5, or a point close to the

centre ocated in the first antinode 14. C) the flange 8 is located in
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sufficient mass. [0019] Conti nuous uI trasoni c waves also formin the flange

8, an j urri the e, X position and
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The proper can therefore be ‘achi‘eVve i on
| engt h &) :(iﬁea‘sthnee ﬁd:canlgeh@xax@;ﬁi@zl&] nolib &Y (Hans dcmmbeilwaes tHarebdefithosceew 6 and the

advant ageguls ch.a way that F) the hole 12 for the capillary
i's arrangpegOe%thlﬁém-%Sﬁ’esaléﬁ}rlZgnfofl%rﬁm?he tip 11 of the horn 2 - second

ant i nodg) mhheck mode mebe donnteipiece3 atteinalctenis: adrbber thaedghe lprebert 200G g Hpnt
by refer e {I‘ggtrtﬁ‘é en%?é surface, facing the counterpiece 3, of the piezoelectric drives 4, 5 oscillates in
the same Y direction and is thus exposed (in accordance with the frequency fy) alternately to cither a
tensile or a compressive load. This prevents one part of the surface from being moved in the positive
Y direction, whereas at the same time another part of the surface is moved in the negative Y direction.
[0021] The property G can be achieved by appropriate selection of the length Lg; of the counterpicce 3
and the length Lg of the piece of the screw 6 that protrudes out of the counterpiece 3. The property H can
be achieved by optimising the geometric shape and thus the distribution of the mass of the counterpicce
3. In the example the counterpiece 3 is a plate, of which the ends that are more remote from the
longitudinal axis 7 of the transducer 1 are for this reason widened as shown in Fig. 1. Preferably, a width
B, of the counterpiece 3 is greater than the distance D, of the outer edge of the piezoclectric drive 4 or 5
from the longitudinal axis 7 of the ultrasonic transducer 1, so that the counterpiece 3 projects laterally

beyond the piezoelectric drives 4 and 5.

[6022] The transducer 1 according to the invention can be operated in three modes, namely just in the Y
mode, just in the X mode or in an XY mode in which both the X mode and the Y mode are excited
simultaneously. The Y mode is particularly suitable for bonding wire loops which extend inthe Y
direction, the X mode is particularly suitable for bonding wire loops which extend in the X direction. The

XY mode is a completely novel mode in which both the X mode and the Y mode are excited



G at |least one node, in the exanple the node 19 (Fig. 2), occurs between
the head of the screw 6 and the piezoelectric drives 4, 5 in the Y node,
and H) in the X node in the counterpiece 3, both in the centre and close to
the edge, a lateral node 20 (Fig. 5) occurs so that the entire surface,
facing the counterpiece 3, of the piezo€lectric drives 4, 5 oscillates in
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one par pscdktignsef 8igtip o€ e tamiiarp b thyX iesign pird infiee Spégwlplwéavevr@hsqar@bip isiae,

wher eas pﬁ?erslbﬁﬁt}éf% aﬁﬁr%nﬁﬁg}tﬂ@&nﬁ@i B ogc,hl‘?au%h’sr % gﬁgaﬂynn hb&
negative Y di'recti on. he property G can |eve appropri ate
sel ect i ifFcHen addn the P(gcilwcw 9(5‘? nqt herrduerh aet jehuwicd “éuchahﬂiln ¢fah c@nxy@mf fprnsaf t he
pi ece of iskdfis %Eﬁr@v‘fh@ tﬁ)r&ﬁhe@ﬁ}ﬂﬁd’r&' ql%ﬁafd?yh)llg&fs 5 ﬂﬁsa?&fs' ki ru@)'lc%(iﬁlm?frtedﬂq% property
H can be ac i eved opti m’'si ng geonetric Shape and t g

di st ri bifefpHe dm quplﬁraéﬁLmaaquraeatbmh@\éw pilsé. 3. In the exanple the
counterpiece 3 is a plate, of which the ends that are nore renmote fromthe

| ongi t uiops}lFi@XisBows a@onﬁ&%zr&&aﬁ@ﬁg@ﬁ%s Ihedfi®ashiQ rhlieef ?@)%%p%tg@ nafe @Sce
shown in Fig. 1. Preferably, width B, of the counterpiece 3 is greater

t han t hePoys- gF&teﬂ?éd Bod%f'ﬂtewéeze@}frérrw diged.grarg Wentistldp duirsessimetionrfagd 4 or 5

from t hgiclRRekt YRS i@Htdedlas @fstaﬁlb&nk'ilstﬁrfgaﬁ Q Elu?aiittf @F‘@?MQ@' as %hov%?foﬁmrsmtd?e
counterpi ece 3 prolects |aterally beyond i'ezoel ectric drives 4 and 5

[0022] TA: RipZQrfdctsais? ! hishesy Wh@d et foee ?W@ﬁ’t”i‘b AltErainp olafsation Ergchionst hr ee
nodes, fadRkeallP&dndhdlive Bﬁtc\éZ a[‘@@?bmhé@&mﬁdﬂ bE(%c%h@EQ:%o &Embzﬁs #N¥Y mode in

whi ch both the X npde and mode are excited sSinultaneously. The Y
nmode | sp%%fﬁﬁfilwlfs‘moy of G’ietpé?é‘l’ éleliﬂ%rrts Blois ghasertarisedeby tBogrguenss etthext.<iid »i-fignhe Y

di rect i Db cohid® ccd@@pkiSes RSt 'g@r&&lr@é’r'iﬁ StiaRbe of tﬁé Yl?ﬁ’&g' J‘Qcc‘/ﬂdrg%nérﬁ&% fhi ch
extend in the X direction. The node is a conpletely novel node in which

bot h t h&CHatB@bthg imedseang a #B%Fé"félﬁ"ez%%élpﬂélﬂg Py iRdiReHLAy sgeadary

i ndepengg@ink 7 ofhe 8&GRIRY B8fdingH IBRHGbItR Bl aBw BN gd Mndbb hiimphidudes of
the oscillations of the tip of the capillary in the X direction and in the

Y di r ectIBI AR M nabioRd Breredtiveoutry ismerkbl ¢ 32t Heypuireolapplisiacnarier 33 t he

same si g@ennthied RS doh@dnQfsu Qﬁ'mﬁlg'lejotdf ReQEcohligy @%ﬁr{gl?_@r ¥hd cﬁ'xtﬁuh@f e segérfdeCt ron
and in the Y direction are_not correlated, as" a result of which the tip of

the capfaFiaioy24 seemnegicd jo afigsljiepudna pighie rimary &vinding 465 WbﬁéaS@asﬁwnﬁ srpinghafitles or e

f ol | owsprénds #§RAIRYS 1@@1&&1%%@1@1{1&@ TH@O‘& tt@fmﬁal 3'i %P{h@%’ﬁo@ng ANs ExARl@o0f a
Llssajous path is shown in shows a control circuit

whi ch alff Bestivaterniinaly %@Wl@%@?@&%@ &Es &f thg ﬂf%piﬁ@e&s@&calﬁé@‘i i The oplguittprmdgal 32

above- ngmid wingdg a@%@me&fé@tdﬂmlézég%h@e%&m&xsdéﬂttv@pﬁez%,e1e'§neﬁ{s91b@'@a@%éceﬁd in their
construction. Each Elezoelectrlc drive 4, 5 formed as a stack

consi stRiFRgelgeriadise i Ahe papiteye terpipgls ohibe wea%ciglﬁ@mmﬂr ke Bio pigzeelentric driyeed

pi ezo el Secklcapbhoinie stacked next to one another with alternating
pol ari sation directions,

[0024] The first generator 23 supplies an alternating voltage U, = Uy cos(2rfyt + @y), wherein t denotes
time and @y denotes the phase position. The second generator 24 supplies an alternating voltage
Uy = Uy cos(2nfxt + @x), wherein @y denotes the phase position. The following table indicates which

alternating voltage is applied in the three aforementioned modes to the piezoelectric drives 4 and 5:

Piezoelectric drive 4 Piezoelectric drive 5
Y mode U, U
X mode U, U,

XY mode U1 + U2 U] - U2




an electrically conductive plate 22 al ways bei ng cl anped between the piezo
el ements 21. The polarisation direction of the piezo elenents 21 is
characterised by the sequence of the,,+,, and,,-,, signs. The control
circuit conprises a first generator 23 for excitation of the Y node, a
second generator 24 for excitation of #he X node and a transformer 25
conprising a primary wi nding 26 and a secondary w nding 27. The secondary
w ndi ng 2¢reaned sts of two identical w ndings 28 and 29 whi ch have a
comon input termnal 30 and a respective output termnal 31 or 32. The
output of the first generator 23 s connected to the common input term nal
30 of thelsecoNdEspnigitirabdigen POMPHEN®Ut put of the second generator 24 is
connected to aaﬂkfoﬁkatg%m nal of the primary w nding 26, whereas a second
termnal of the prrmary wWinding 26 is electrically grounded. The out put
term nal 31 of atbentedpiedeng 28 is connected to the negative term nals of
the piezo elenents, 21 of the first piezoelectric drive 4. The out put
termnal 32 of"¢ Hﬁzwl?fﬂﬁ"ﬁgr"?@’? connected to the negative termnals of
the piezo el e”@@&éw@%e%%uﬁtﬁ@i&%%ﬂ% fafbRAQ6 HRAIdrh By Hdak€otthe IwP@Si Ti ve
termnals of the piezo elenents 21 of the two piezoelectric drives 4 and 5
are el ect piezadibgtrigdovescedinggdordiherbide bf # Singiedianbaxdy ofxBe famdh¢asndn

alternating vol e U. = C 2rzfyt . + erein,t denotes. tjnme and
oy denot empe bR ehary ip HEERENEnish R bivalEE R StnelsRpESng

al t er nat i n@svetrRBEfOLEstentdy 16O Stedatettto 7 bORKhg heliBS R Wir€ BéndéenMce&int he
phase position. The following table indicates which alternating voltage is

appl i ed in t hefirsinkieasatio vasrBaiidnenshicheatirecsdivgenllsl wibeloaeitvdivalgrisvds 4 and
5. Piezo tric drive. 4, Pi ¢ l.ectyi C=driVv node U2 - U2
XY node Uﬁ{{tgﬁaﬁm’-ﬁoﬂgmﬁhe&%ﬁ?@ég%ﬂ%ﬂﬁél%% ]ilagetz lrtgﬁgtgn&%or@g%so%%ri sing an

el ongat e hgpied ta IOt BecReBic drives,pi ezoel ectric drives, and a screw, the
counterpi ece being fastened to the horn by neans of the sc

pi ezoel ectric 885008 8tEsPHRgedllgipng Wheh ks dikectof LRnFsHRS X Wq{lg\ﬁﬁving't&&%galof t he
L arucet AUy SRR, tekaen; IR G, UL GRS ioTD
t o a bondivoipgeeact apbliad wi the ttho pateseleontedevas, and wherein

the piezoelectric drives are located in a first node of the first ultrasonic

oscillations,

the piezoelectric drives are located in a first antinode of the second ultrasonic

oscillations,

the flange is located in a second node of the first ultrasonic oscillations,

the flange is located in a second antinode of the second ultrasonic oscillations,

and

the at least one hole in the flange is located in a further node of the second

ultrasonic oscillations.

2. Ultrasonic transducer according to claim 1, wherein the horn has a hole for
receiving the capillary and wherein this hole is formed in an antinode of the second

ultrasonic oscillations which is - measured from the tip of the horn - second antinode.

3. Ultrasonic transducer according to claim 1 or claim 2, wherein the second ulirasonic
oscillations have at least one node which is located between the head of the screw and

the piezoelectric drives.



first ultrasonic oscillations, which are directed parallel to the

| ongi tudinal axis of the transducer, formin the transducer when first,

i n-phase alternating voltages are applied to the two piezoelectric drives,
second ultrasonic oscillations, which are directed transversely to the

| ongi tudi nal axis of the transducer, fgormin the transducer when second,

i nversely phased alternating voltages are applied to the two piezoelectric
drives, adAd Wieasenitv ttdnedypiceaweldiny i anydificlagss ate3 | watiedhd secand i r st node of

the first pltrasonic .. oscill.ations, the piezpelectri.c drjives are |ocated in
L'F st ahteoReons Taisg ButedRdh L Piegur SRR i Gt R 1R Ee s

| ocat ed i Bf je8G@BGiRede of the first ultrasonic oscillations, the flange
is located in a second anti node of the second ultrasonic oscillations, and
the at |least one hole in the flange is located in a further node of the
second uPt r asBHFasopisdrappducErSOTdmE Wlapy 86 ekines t fahodisedn axaddrdithy to
claim1l, rel e 0 r L¥VhNQ.: i4l. L.and
wherei n’ ¢ EREnbRet arpBolndPe aRiler St BB b BYiAAGAAR oL & oD

osci | | ati drdonditudinal sxis ofrh@suanethcér omthe tip of the horn - second
antinode. 3. U trasonic transducer according to claim21 or claim?2, wherein
the second ultrasonic oscillations have at | east one node which is | ocated
bet ween the head of the screw and the piezoelectric drives. 8 4.

U trasoni c transducer according to any of clains 1 to 3, wherein the second
ultrasonic oscillations have in the counterpiece a node which is |ocated
close to the edge of the counterpiece. 5. Utrasonic transducer according
to any of clains 1 to 4, wherein a width of the counterpiece is greater
than a distance of an outer edge of the piezoelectric drives from the

| ongi tudi nal axis of the transducer.



