U trasonic transducer Technical field [00011 The invention relates to an
ul trasoni c transducer. Background of the invention [00021 U trasonic
transducers of this type are used in what are known as ball wire borders. A
wire bonder is a machine which is used to wire sem conductor chips after
fitting thereof to a substrate. A ball wre bonder is a wire bonder in
which the wire is guided through a Iongi fudinal hole in the capillary and
fastenedUtug dhe.connection points by nmeans of the capillary, whereas in the
case M as a wedge wire bonder the capillary is replaced by
a speC| frenedga t ool which is also known as a sonotrode. The ultrasonic

t ransducercomnprises a horn and a piezoelectric drive for exciting an
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the horn. During the production of the wired connection between the
connect iR p lrﬂtofg{eut\tgg“&em conductor chip and the connection point of the
substrate, end of the wire protruding fromthe capillary is initially
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of the pﬁ‘@@é@‘é’ge peiderthe eapiliaey is eerdase wepfndicdny. odndichtihdsaknognigas sreepmc.
fast ene@‘h%@tlttagtﬁncct%@(ﬁl%&'c%ﬂlpﬁ&'s@thoﬂfanﬁQ 1c§%kl?c%{rf ﬁ’/e foxtepcﬁu a{nqtlt'ta%oﬁl@Bé&t Rfién
and the next bonding cycle can begin. bondi n I n wedge- bondi ng,
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of which are directed in the longitudinal direction of the horn, forms in
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of the capillary to nove in three spatial directions, where ondi ng
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rotative bonding head, such as are known from patents US 5114302,
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the one hand, to ? he adhesi on the wire to the connectlon poi nts of the

substrate not being of uni form strength in connecti ons and
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achi eve |rrproved adhesion of the wire to the connection points

[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 hom. An
ultrasonic wave of this type is also referred to as a longitudinal wave. The bonding head of a ball wire
bonder aliows 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 feads, 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



2 of the substrate and a nore uniform shape of the crushed ball. 100061
According to the invention, the aforenenti oned object is achieved by the
features of claim 1. Advantageous enbodi nents energe fromthe dependent
claims. 10007] An ultrasonic transducer according to the invention
conprises an elongate horn, a counterpiece, two piezoelectric drives and a
screw. The counterpiece is fastened to tRe horn by neans of the screw and
thus cla el ectr. ch e arranged on either side of
a Iongrtggﬁﬁgpﬁmgym fn%?$ndb“ qm ESﬁh%“F?a%bcher, bet ween the horn and the
counterpi ece. The horn has a flange conprising at |east one hole for
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directe ‘%ﬁ?gr%nfm?&”ﬁﬁ%%%% 3§&6H&%§§%9§ &? transducer when first,
i n-phase alternating voltages are applied to the two prezoelectrrc drives
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alternatin tages are applied t pl ezoel ectric drives.
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t he prezo ectric drives are oca ed inatfirst antinode of secon
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t he sane phase. alternating vol tages are inversély phased if they have
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it | 00%53;[ euRRRR ROl AbO W hPGE! Ving the capillary. This hole is
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second ul uFASORLEAS Gl Al 100%RY el SR 1RNLL AR WH Cloi eudnecat ed

th
bet ween t he e screw and the piezoelectric drives.
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Li nes 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.

[16009] 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

closc 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.

[0012] 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.



Fig. | is a plan view of an ultrasonic transducer according to the
invention, Fig. 2 - 5 show the anplitude of various ultrasonic oscillations
which formin the ultrasonic transducer when an appropriate alternating
voltage is applied, Fig. 6 shows the path of the tip of a capillary, which
forns a Lissajous figure, and Fig. 7 shgws a control unit for the

ul trasonic transducer. Detail ed description of the invention [0013] Fig.

is a pl |.trasoni ¢ transducer | according to the invention.

The axe?ﬂ? g —ﬂ%amgﬂéﬁéi coordinate systemare denoted by x and y. The
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respect to iltig 7 | onghowth sralrolyitdorhe qihesohwrtan®uirgs a fl ange 8 whi ch
extends on either side of the longitudinal axis 7 and has holes 9 in order
to fast ghdilg alclif@sbie id-gigducer 1 to the bonding head 10, which is
nmerely indicated in the drawing, of a wire bonder. The horn_2 addltlonally
has, in [BYIGKFis f i atndeni view of g9 uitgasonic hgisgucen Dacghidig teshedreslipe T hrerias ¢ ar | y
to the Ql‘e@t@ﬁdtpcoowl@ucdsry?t%@& BAGted By M&ld%h THe Glﬁ@éohlc@faﬁscﬁ&@é" ngns];@sS&{%H%Qngatér he
t ot al Iength of the transducer | i's denoted by reference character L and
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di stribution of the mass of orn of the transducer | vary in the Y
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transducer 1 accor |ng to the invention is eSIﬂ in SUC a way that the
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are also referred to as | ong i tudi nal oscillations or contlnuous
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extend iphrt bP@e Norn diid, @Gtk @fple IdBhitaMPACMiblradt. referred to hereinafter as
the Y node The ultrasonic transducer 1 according to the invention is

furthernpre designed in such a way that the two plezoelectrlc drlst exgite
t he hor h0%4] The Wraserie Hensaprsr Aes iy hreres RoUper PHFILAY MRSk Hicepst i ety Bnrs
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to the longitudinal axis of the horn the tip Ehe capi | lary then Iso
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referred t? as flexural oscillations. Becayse the oscillations of the tip
of oscillations, 1.¢. continuous ulirasonic waves, which are directed in the longitudinal direction o the horn

2, the tip of the capillary then also performing oscillations directed paraliel to the longitudinal axis 7 of
the horn 2. Ultrasonic oscillations of this type are also referred to as longitudinal osciliations or
continuous longitudinal waves. Because the oscillations of the tip of the capiliary 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 uitrasonic 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. Ulirasonic
oscillations of this type are 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



the capillary extend in this case in the X direction, this node will be
referred to hereinafter as the X 4 node. 100151 In the Y node in-phase
alternating voltages are applied to the two piezoelectric drives 4, 5, so
they are always extended and contracted sinultaneously in the Y direction.
In the X node the two piezoelectric drigps 4, 5 are excited with inversely
phased alternating voltages, so the first’ piezoelectric drive 4 1is

ext endedppe t he Y direction when the second piezoelectric drive 5 1is
contracted in the Y direction. [0016] There will be described hereinafter
vari ous E@ gertles whi ch the transducer | either nust have or preferably
shoul d hd¥83IdB irnamofsia-rhsialieadiweoritaearegatiof s hohe rfzoelpdrie oo, % fre
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1, dlnenS|ons whi ch can be used for wire bonding. [0017] Fig. 2 shows the
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anplltuq$ A, of the continuous ultrasonic "~ waves along the | ongitudi nal

axis 7 of"CH& t ransducer | that result in the X node. Fig. 4 shows the
anplitude A3 of the continuous ultrasonic waves of the X node al ong the X

axi s of [l()bE()] fihangell Be debh@Re herdinhfi@SAMIE V@V@i@s Bhigh B 1:86k6&: 1 Ritltel Gt have or
di rection. oms t he anplitude A£ the continuous ultrasonic
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| ongi t udinnial Y @ddsarfin tHeeX mbaaskiUEREduber 1205heAliSR WBlic A8 bt Ade8@lwiknAsdigd. t he
countcrpiece 3 and of the flange 8, there is obvi ously an anti node. e
[
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Furt hernore, .acc 0, the.invention, the transducer IS eS|g ed in
such a way't HaE tﬁ‘} B g‘dﬂ‘ia}e% of %‘g]tler [il%ls‘g"rcfz"v]e‘hﬁt e 1t He Xp‘P%‘%iogllée‘th"F’é Mrive 5
ar e | ocatreditida A of tlhé sdntinede ukdsdod \gavczbf 0f Xtrhete Xlongfﬂﬁe«i adPy @fies adky 8. Tbe
centre of, the Rlezoe oint_close to the centre, is
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node. Prefe pi ezoe EFIC drives gplnt
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ocated i ant i.node. e e, and F) the two

hol es 9 nlnoneﬁl,l (%ln cdlgzéglgld%}ﬁll axrs (tléecfgqnﬁc? §e1|1d1[1 —hS oﬁﬁsgg'ge R f:ngf 113?686?1] the X

node. [h0@&&1 aleﬂBe pdifpentdne SEuikhttmok?, aadrdg; taﬂftl ieeato Yhetthasduodrl QWG ned in

nmet hod: The gﬁﬁlred frequency fy of the ultrasonic oscillations of the Y

node issul1aWd This is typically about 125 kHz.
A) the piezoelectric drive 4 and the piezoclectric drive 5 are located in a first node 13 (Fig. 2) of the Y

mode. Preferably, 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 § 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 antinede 16 (Fig. 3) of the X mode, and

E) the two holes 9 in the flange 8 are located in a lateral node 17 (Fig. 4) of the X mode.

[0018] The properties A to I 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



- The length L of the transducer 1 is defined in such a way that in the Y
node n, nodes occur. The Ilength L depends substantially on the frequency
fy and the acoustic velocity of the material of which the horn 2 and the
counterpi eee 3 are nade. The horn 2 and the counterpiece 3 are preferably
made of 5 titanium The width B(y) and gptionally also the thickness D(y)
of the horn 2 are varied locally until there is found a suitable flexural
oscill ati ofyapnitie ei genfrequency fx of which is close to the frequency fy
(i.e. fx fy I << fy) and which has an antipode in the region of the
centre of F%Wlﬁlllé%(dbaﬂé@pid@@ I pls s tckngss R pich (&l lant 2 podeidddodeReuntddicoris of a
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t hat at Ieaft one | ateral node, nanely in the exanple the node 17 (Fig.
4), occurs th“ﬁglasi node. The property E can therefore be achi eved by
appropriate selection of the length K of the flange 8. [0020] The
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t he countlecypined ¢helenglhof hf ihe fltdpe Scentre and close to the edge a lateral
node 20 (Fig. 5) occurs so that the entire surface, faci ng the
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of the Ier?)gctyg 1&91100({11\/%@; ngleat LRLEGE 3 and the length Ls of the piece of
the screw rotrd es ouyten? ﬁe counterpiece 3. The property H can
be achi éi)erdthby( mpdel inilgicngni¢rhiecgh doitin ihe cahieped anek tblius:dihe ldérstrodbed {fon Spf
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and the length Lg of the piece of the screw 6 that protrudes out of the counterpiece 3. The property H can

7

be achieved by optimising the geometric shape and thus the distribution of the mass of the counterpiece
3. In the example the counterpiece 3 is a plate, of which the ends that are more remote from the
longitudinat 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 Dy of the outer edge of the piczoclectric drive 4 or §
from the longitudinal axis 7 of the ultrasonic transducer 1, so that the counterpiece 3 projects laterally

beyond the piezoelectric drives 4 and 5.

[0022] The transducer 1 according to the invention can be operated in three modes, namely justin the Y
mode, just in the X mode or in an XY modc in which both the X mode and the Y mode are excited
simultaneousty. The Y mode is particularly suitable for bonding wire loops which extend in the 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



10022] The transducer 1 according to the invention can be operated in three
nodes, nanely just in the Y node, just in the X node or in an XY node in
whi ch both the X node and the Y node are excited simnultaneously. The Y
node is particularly suitable for bonding wire | oops which extend in the Y
direction, the X node is particularly suitable for bonding wire |oops which

extend in the X direction. The XY node i% a conpl etely novel node in which
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fol | ows aLlssa ous path whic limted rectangl e. An exariple of a
Li ssaj ousoadlh / “sexélﬁlél\‘i\ﬁfi‘hlsﬁi%‘spﬁﬂs[sé)e‘%]nfllggs 7 shows a control circuit
which allows the ultrasonic transducer 1 to be operated in the three

above- mepbzxwed 7RBERS: colfi@ cRbEZERL! ?Qtoﬁﬂs%(ﬂﬂt’téé@lﬁc f}anstr‘?uc%f Btd %%Eﬂa{é@-lm imBukdaei r
construction. Each_ piezgelectric drive 4, 5 formed as a stack
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pol arisation dir ctions, . an electrical |y conductive plate 22 al ways bei ng
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pi ezo elgnatrkaldlcdnSudtinepiae e hiveedbdyy (A8 ADINREE Bie Bfczd BBmeits 21. 804 "
signs. The control uit conprises a first generator 23 for exci tatl on
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The secondary Wf[ﬂ Eﬁng(é Pﬁi:on5| ts of two identical w ndings 28 an

have a SOMYBA T HPAIIEART HEMSSIMET QUPHERRE PIVEY SR 2G4 fispardsy or 32.
The out puihdiag 21.MBe bdchidaryO@MBMALI LordRis df SwERBNREN it S 18N8 d 0O MMRA shput
termnal 30 of the secondar wi ndi ng 27. The output of the second

gener at SPPIRMIPUESHREEEA 'i‘)*eépqc FsuiRHe feinal 3 6T 3¢ Hee o iPHER I HdIeRgal0623

wher eas isicaeddido tRchinfah n@ht feREinal PO IoMBYE ¥edbhdeh @gldgl% 27 STIR! RGful bGRd de¥ond
grounded. The %d? ut te al 31 of the windin i's connected to the

negat i v ETEHR OngfClg 8*‘ T8 SEMBR B ety Bfl%f%@ﬁf Vhateas gisecrpe feppinal f the

drive 4.prikhae \@iutimgtzs iselddiriRally Sdundod. ’lthb%ut‘ﬂhtﬁ@lhﬂ"'ﬂﬂ 29 of Be GRAINRTREHcdnBeddd8o
negat i ve Ler m nal s, pi ezo el ene t he second piezoelectric

of
drive 5M°Tl&MHELFTY 1\?@@? 2’1’%?1‘9‘?%?@‘“8‘?“%%} E? Hrbrigtoslrelit drivord- dhe piaultigginal 32
pi ezoel ectlcivdndinig 3eis céhneﬁdétfko@w&fe@at%@&Inﬁﬂaﬁ;fﬂf Ile': p@:f/@'él&ﬁll@ﬁks 20 Qﬂzéleca}ﬂﬁ first
generator Zi ﬁcpdg Ss an alternatin é Uy cos(2i + (py)
wher ei n PIZRHGIEEve i Ty DONEVY Simiadh SPiHE e?%wlﬁéél}ettweﬁm striek b
gener at afid 24rezleppichlesramdad.t ernati ng voltage U2 = Ux cos(2irfxt + c)x),
wher ei n cpx denot es the phase position. The follow ng table indicates which

aIternai dlnthethr oned nodes to.the

i ezoel W1 RIS oSS bl DRae e 1oa L T coe BT e SEATTE PG 5
time and @y denotes the phase position. The second generator 24 supplies an aiternating voltage
U, = Uy cos(2nixt + ¢x), wherein gx denotes the phase position. The following table indicates which

alternating voitage is applied in the three aforementioned modes to the piezoclectric drives 4 and 5:

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

XY mode U+ U, U -U,




Y node U, U, X anode U2 U2 XY nobde U, + U2 U U2 7 CLAIMSI| . Utrasonic
transducer, conprising an elongate horn (2), a counterpiece (3), two

pi ezoel ectric drives (4, 5) and a screw (6), the counterpi ece being
fastened to the horn by neans of the screw, the piezoelectric drives being
arranged on either side of a Iongitudinaw axis (7) of the transducer and

cl anped between the horn and the counter’piece, and the horn having a

fl ange (SL conpr|3|ng at | east one hole (9) for fastening the transducer
to a bonff ead of a wire bonder, wherein first ultrasonic oscillations,
which are directed parallel to the |ongitudinal axis of the transducer,
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n es a
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are Iocatﬁd inafi tinaode (14) of the second ul trasonic oscillations,
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second ul trasoni c .QSci east one hole in the flange

is Iocat%ﬁﬂtwnﬁ‘Fﬂgtﬂepuﬁﬁﬁémﬂ%ﬁydéﬁ’@ﬁemgﬁ%Bﬁﬂaﬂ??ta%%%ﬁﬁmﬁsgVWP%@Fons
2. Utr aismmtmert\m&ﬁ$€h¢ﬁ&ﬁm®ﬁe@rpdbsﬂ@ alt@ndindivBltakes £H AL BihSOQ piddodiBiic dries,
horn has a h 4€5@afor receiving the capillary and in that this hole i's

fornedlﬁ?ﬂqfe““ fed fromthe tip of the horn - second antinode (16)

of the secbagicretcrmisdriivg a@sletdiddah b GRS nod. (1 YIIFHRIRA LG rabdR&OUeRInsaccor di ng
to clalnt% characterlsgd in t t he second ultrasonic

OSC|IIatloH%mﬁ§§§m§%%lg§§F38ﬁ@ﬁﬁﬁa “ffﬁyoﬂhﬁéﬁﬁfg“Fﬁﬁ PEESHET WELAINe head

of the scrisvlane i b@tcdpnez@ezlmtztdem)dnlhwsstuz«&asoulctotsaﬁamhg transducer
accordlng cterised in that, the se ond

ch
uItrasonlcle%§@¥Eﬁg?gﬁﬁ%aﬁ§9%}?ﬁn?ﬁel 6%HF§P§W§B@a§mﬁdﬁ@ @?ﬁi ichis

| ocat ed -cltbsa Idast dnb@ole dghe OhngdeRelo6AeiTh @TRIRE Bode D1 7) UK the 8&0Rd GltrhdoaRSLBRIons.
according to any of claims 1 to 4, characterised inthat a wdth (B 1) of

t he count reater .than. a tan §§523 ter f the
bi o206 et e il PG arute P ARaront el oft phBoR fanbetcan) Fr
receiving the capillary and in that this hole is formed in the - measured from the tip of the horn - second

antinode (16} of the second ultrasonic oscillations.

3. Ulirasonic transducer according to ¢laim 1 or claim 2, characterised in that the second ultrasonic
oscillations have at least one node (19) which is located between the head of the screw and the

piezoelectric drives,

4. Ultrasonic {ransducer according to any of claims 1 to 3, characterised in that the second ultrasonic

oscillations have in the counterpiece a node (20) which is located close to the edge of the counterpiece.

5. Ultrasonic transducer according to any of claims 1 to 4, characterised in that a width (I3)) of the
counterpiece is greater than a distance (D) of an outer edge of the piezoclectric drives from the

longitudinal axis of the transducer.



