Apparatus for mounting a transducer in a wire bonder Field of the

I nvention This invention relates to an apparatus for nounting a
transducer to a bond head of a wire bonder. In particular, the wire
bonder is operative to mechanically drive the transducer when form ng
el ectrical interconmeaiates SoPRioRRThS 8 RREIASdIdRGAtd @lte Nondém 2

sem conduct or package. Background of the invention Wre bonders are
used in sem conductor packaging to formelectrical interconnections
betwegﬂ t. ions within a sem conductor package. A wre
bonder Iaﬁﬁ%@§A§¥%§QSQ bondi ng device for formng the electrical
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bondi ng device includes a transducer for providing bonding energy and
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dri vesetnicomolvetdripackageli ng tool tip in a scrubbing notion during ball
bonding to clean a die pad surface of a sem conductor die. The
ul trasoni c transducer al so provides ultrasonic bonding energy during

bal | Bgeﬂ'g[:&],t,@gqcﬂ.ié?, yon of a ball bond of the bonding wre
e ace.

with th | e pad sur od adhesion of the ball bond with the die
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el ect phidhg| Bb@ibéofﬁle‘féﬁﬂﬁgv‘ﬂ@iél'ecgﬂéalsﬁﬁ’fb@hﬂléﬁﬁ&r'i REBKIAYhe Aﬁ%nﬁibsnductor
ultrasonic transducer is ITnearly driven along its |ongitudi nal axrs,
t he spachagend ypisailprthefbariting dadicadneludes aitpansiduceafas eroedingnzending ehnergy

respe to ,the.longitudinal axis of the ultrasonic transducer. Suc .

| mearnd o Bl a0 OB oL ohdaclngebofife T THERARBE” ELifGim B pgBrical
cl eanintdreodh&ctimd Wittih ase seiitrelR¥idrifaekhgeg the quality of the ball
bondi ng process. Moreover, as the ultrasonic transducer generally

provi des bonding energy at a fixed ultrasonic frequency range, this
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bonding tool tip in a scrubbing motion during ball bonding to clean a die pad surface of a
semiconductor die. The ultrasonic transducer also provides ultrasonic bonding energy
during ball bonding to cause adhesion of a ball bond of the bonding wire with the die pad
surface. Good adhesion of the ball bond with the die pad surface accordingly reduces the
likelihood of the ball bond from being detached from the die pad surface when the wire is
pulled by the wire bonder from the die pad towards the leadframe to form an electrical

interconnection within the semiconductor package.

As the ultrasonic transducer is linearly driven along its longitudinal axis, the scrubbing
motion of the bonding tool tip will also be linear with respect to the longitudinal axis of the
ultrasonic transducer. Such a linear scrubbing motion of the bonding tool tip may not
sufficiently clean the die pad surface, thereby affecting the quality of the ball bonding
process. Moreover, as the ultrasonic transducer generally provides bonding energy at a
fixed ultrasonic frequency range, this may also compromise the bond strength between the
ball bond and the die pad surface of the semiconductor die.
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Thus, it is an object of the present invention to seek to address any

of these limtations of conventional w re bonders. Summary of the

i nvention An aspect of the invention is an apparatus for nmounting a
transducer to a bond head of a wire bonder. In particular, the bond

head of the wire bonder is operative to nechanically drive the

transducer when form ng el ectrical interconnections between separate
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conpri - Q | .structure having a connector for connecting
to thggﬁ%m@mi F'J,ew@%ﬁ'exur al structure being configured to bend;
and ii) at |least one actuator attached to the flexural structure,

wherein the at | east one actuator is operative to bend the fl exural
st r ucSunamasy ohdheipventierr a di spl acenent of the transducer connected
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wi t hi displasestarit ©b titkitransdycericagoedteBythercde vidi theg eonmettar- | i near
scrubbing notion of the capillary tip, the apparatus may better
ensure that the die pad surface of the sem conductor die is
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can be advantageously inproved. Further, the at |east one actuator .
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adhes}éh 1BiTeeNbHOM Boledoiikdinat Axisdpletpatiagsdyces calefg (which the transducer is
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optional feajures of the apparatus have al so been defiped in th X

doperBuiace PhAReMBPYRCiAE Bla | (ShP GRPUIETY e achalidig ool through which a bonding
wire is introduced to form the electrical interconnections within the semiconductor package.)
By providing a multi-linear scrubbing motion of the capillary tip, the apparatus may better
ensure that the die pad surface of the semiconductor die is sufficiently cleaned, so that the

quality of the ball bonding process can be advantageously improved.

Further, the at least one actuator may be a piezo-stack actuator that is configured to be

actuated by an electrical source oscillating at a sub-ultrasonic frequency. By performing

ball bonding at various frequencies and along various linear axes, the bonding energy

provided by the wire bonder can proceed along various linear axes during ball bonding to

cause adhesion of the ball bond with the die pad surface of the semiconductor die.
2



Enbodi ments of the invention will now be described, by way of exanple
only, with reference to the acconpanying drawi ngs of which: FIG 1 is
a top view of an apparatus for nounting a bondi ng device to a bond
head of a wire bonder according to a first enbodi ment of the

i nven I r i 5 ;
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of a wire bonder according to a second enbodi nent of the invention,
wherein the apparatus conprises two piezo-stack actuators; FIGs.

4a- 4e Syneav oftferop@ticHal 98atdfed BE tRPRPpaiaNSs BhvEldso Beeh! dafined i e dependent

perspective view of an apparatus for nmounting a bonding device to a
bond Kl#®Sof a wire bonder according to a third enbodi ment of the

i nvention, wherein the apparatus conprises three piezo-stack
actuators; FIG 6 is a perspective view of an apparatus for nounting

a bon@ried dsoripticroobthwdeavwirags of a wire bonder according to a
fourth enbodi nent of the inventjion, wherein the apparatus conprises

four BRRQAIREREK CAcihgatiestion @l nowsbg degerinesy it wase ddppearaplesosly, with
FIG fefefdMtetothe diBofibanlNy AW fiwBnof the apparatus of FIG 6.

FIG. 1 is a top view of an apparatus for mounting a bonding device to a bond head of a
wire bonder according to a first embodiment of the invention, wherein the apparatus
comprises a piezo-stack actuator;

FIGs. 2a-2¢ show an operation of the apparatus of FIG. 1;

FIG. 3 is a top view of an apparatus for mounting a bonding device to a bond head of a
wire bonder according to a second embodiment of the invention, wherein the apparatus
comprises two piezo-stack actuators;

FIGs. 4a-4e show an operation of the apparatus of FIG. 3;

FIG. 5 is a perspective view of an apparatus for mounting a bonding device to a bond head
of a wire bonder according to a third embodiment of the invention, wherein the apparatus
comprises three piezo-stack actuators;

FIG. 6 is a perspective view of an apparatus for mounting a bonding device to a bond head
of a wire bonder according to a fourth embodiment of the invention, wherein the apparatus
comprises four piezo-stack actuators;

FIG. 7 is a top view of the apparatus of FIG. 6; and

FIGs. 8a-8d show an operation of the apparatus of FIG. 6.

Detailed description of the embodiments

FIG. 1 is a top view of a mounting device 100 according to a first embodiment of the

present invention for mounting a bonding device to a bond head 120 of a wire bonder. The

bonding device comprises a transducer (shown as an ultrasonic transducer 102) and a

bonding tool (shown as a capillary 104 through which a bonding wire is introduced)
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Detai |l ed description of the enbodinents FIG 1 is a top view of a
nount i ng device 100 according to a first enbodi nent of the present

I nvention for nounting a bonding device to a bond head 120 of a wire
bonder. The bondi ng device conprises a transducer (shown as an
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t he sem conductor die towards eadfrane to forman el ectrica

i nt er teauenty & prbYide nthehscrabhingonwiionoang dekdiw energy. After the ball bonding
process is completed, the bonding wire is then pulled by the capillary 104 from the die pad
of the semiconductor die towards the leadframe to form an electrical interconnection within

the semiconductor package.

The mounting device 100 comprises a plurality of connectors for connecting to the bonding
device and to the bond head 120 of the wire bonder 120. Specifically, FIG. 1 shows the
mounting device 100 having screw openings 106 through which screws 107 are introduced
to mate with corresponding screw openings of the ultrasonic transducer 102 to connect the
ultrasonic transducer 102 (and thereby the capillary 104) to the mounting device 100.
Similarly, the mounting device 100 also has screw openings 108 (hidden from the top view
of FIG. 1) at iis side for mating with screws of the bond head 120 to connect the mounting
device 100 to the bond head 120. Although the mounting device 100 shown in FIG. 1
includes two screw openings 106, 108 for connecting to each of the ultrasonic transducer
102 and the bond head 120, it should be appreciated that the mounting device 100 may
also include a single screw opening for connecting to each of the ultrasonic transducer 102
and the bond head 120. It should also be appreciated that other types of connectors
besides the screw openings 106, 108 may also be used, so long as they are capable of
connecting the mounting device 100 to each of the ulirasonic transducer 102 and the bond
head 120.



The nounting device 100 conprises a plurality of connectors for
connecting to the bonding device and to the bond head 120 of the wire
bonder 120. Specifically, FIG 1 shows the nounting device 100 havi ng
screw openi ngs 106 through which screws 107 are introduced to nate

wi th correspondi ng screw openings of the ultrasonic transducer 102 to
connect the ultrasonic transducer 102 gand thereby the capillary 104)
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energy that nechanically drives the piezo-stack actuator 114 is bel ow
the ultrasonic range 5 - for exanple, 1KHz - to provide |arge

di spl acenents of the piezo-stack actuator 114 via expansion and
contraction of about 20 microns. In contrast, conventional
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semiconductor die is sufficiently cleaned, so that the quality of the ball bonding process is

advantageously improved.



FIG 3 is a top view of a nounting device 300 according to a second
enbodi ment of the present invention for nmounting a bonding device to

a bond head 320 of a wire bonder. Specifically, both the ultrasonic
transducer 102 and the capillary 104 can be nmounted to the nounting
device 300 via screws 307 connected between the screw openi ngs 306 of

t he nounting device 300 and the screw openi ngs of the ultrasonic
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t he i 300 work simlarly to the piezo-stack actuator
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actuators 314a, 314b are configured to be nechanically driven by an

| t | [ | t f th th
0l £ r 2l 216 BRI davics apd et 2 e ) homer 1P Batisr Ganfiauresh o pend.
about 120 é\FVOB enl !&"e &6 - ofl %14% Ogghﬂﬁvﬂcbng% Q?fé’[fe[@ﬁﬁrﬂc%%olf gt i [asonic

pi ezo- st a actlato 14a, elr respectiv grtu
Y- axetramthednr@ yrajfemuiasesf theefleapal hmryb&romal Ehg raodAting slet/hatsmes also

dj cul to the Y- f
bacr | MRy 2 Pese manpedsl? il BRED oy oy dofdtl RS renet ot floxuist srember
314a, 3814k béME;uIa? Bige Baksdahbyntt 3 04 owtﬂéembanﬁh laévib%oség%erﬁﬁ?qec{éa via
this way, one of t he pi ezo-actuators 314a deform’by expansion

t he osofewsmt@ziothmgmther screwAepenings 388 1ey the basacnember 81 Aandi Hequgh screw
bot h ﬁl ez @% S?@rs 314a, 314b will nutually nove in phase
in a %é] ir respective |ongitudinal Y-axes.

However, in contrast to the mounting device 100 of the first embodiment, the mounting

device 300 of the second embodiment comprises two aciuators (shown as a piezo-stack

actuators 314a, 314b) attached to the flexural member 310. In particular, the piezo-stack
7



FI Gs. 4a-4e are top views of the apparatus of FIG 3, show ng an
operation of the two piezo actuators. Specifically, FIG 4a shows an
original position of the capillary 104 before the piezo-stack
actuators 314a, 314b are deforned by an electrical source oscillating

at a gefraibisr )i 4br HBURES HefofRRIbAPBlal S@an8ibroAn®Lestrddtonl in8NBREr motion
that is nutually out of phase across the piezo-stack actuators 314a

314b whgdits Engitudingl hexigiky an elegitical souse paciieingyanatgiven frequency. Since

ongi aplze-4368 acBRba 3148, 3PRESL BB bOBR Ao hfiterca1g qunicn s
and exysreby eftaghed e thd erasshiealarreiugst 903, dddamalidibf e sia6etack actuators
correspondl ng di spl acenents of the capillary 104 in an upward | i near

ot | oR 1 4foAtAt Herkloss causana cosiesppading fienlaearBeal eicheicemiiaendPhyiuring wire
appl i ngéglppﬁrﬁl eﬁé}ﬁc@éﬁzﬁ'esbi%%-s?ﬁéwﬁkﬂfagorgjéﬁ%g%fl?o Véfr%'qt{;sztﬁmetd af oBposite

reversa respecti ve" expansi on and con I on o

pi ezositleaak the nuaurting dddee 16048 dam Isageen doFI@sPonalig)dindas gbiacmation of the

of the capillary iod idl 2 do9puard dd pean qot] o2l gng L hey {axl s wilSesui
in displacement of the tip of the capillary 104 along an X-axis that is perpendicular to the
longitudinal Y-axis.

It should be appreciated that the piezo-stack actuators 314a, 314b of the mounting device
300 work similarly to the piezo-stack actuator 114 of the mounting device 100. For instance,
the piezo-stack actuators 314a, 314b are configured to be mechanically driven by an
electrical source oscillating at a frequency lower than the ultrasonic range — for example
1KHz — to provide large deformation of about 20 microns. However, to ensure that linear
deformation of the piezo-stack actuators 314a, 314b along their respective longitudinal Y-
axes accordingly displaces the capillary 104 along a X-axis that is perpendicular to the Y-
axis, respective frequencies of the oscillating electrical sources that drive the piezo-stack
actuators 314a, 314b have to be mutually out of phase (e.g. by 180 degrees). In this way,
one of the piezo-actuators 314a deform by expansion while the other piezo-actuators 314b
deforms by contraction. Otherwise, both the piezo-stack actuators 314a, 314b will mutually

move in phase in a linear motion along their respective longitudinal Y-axes.

FIGs. 4a-4e are top views of the apparatus of FIG. 3, showing an operation of the two

piezo actuators.

Specifically, FIG. 4a shows an original position of the capillary 104 before the piezo-stack

actuators 314a, 314b are deformed by an electrical source oscillating at a sub-ultrasonic

frequency. The application of electrical energy that is mutually out of phase across the

piezo-stack actuators 314a, 314b would result in the piezo-stack actuators being mutually

deformed in linear motions in opposite directions along their longitudinal Y-axes. FIGs. 4b
8



It should be appreciated that the potential displacenent of the
capillary 104 along the X-axis as caused by deformati on of the

pi ezo-actuators 314a, 314b will be larger than the capillary

di spl acenent as caused by the deformation of a single piezo-stack
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ener guciedrse 11 8t ab il Féaaeinag @Jefrﬁl ocfaah@ré@e@nf/é BxpaRsiOn ahdedpdaktion of
bond with the die pad surface of the sem conductor die. FIG 5 is a

per sp#tg iHezasagkopcliaieignBil g, e éo stavsee corrgspgnding adisplacements of the

oo Bl plod s IR ANGES pBIRHAR ACEN6s LRt o8 B0k e

enbodi nent is simlar to the nounting devices 100, 300 of the first
and second enbodi ments. For exanple, conpared with the nmpunti

devi c& stmyid e arorseiaded thatibai patertial digdlasrmenhgf H@/c@@"wow? alarg the X-
21 ong Sy 5 CaRERd BCBpRRHAE S (HO pheftr BoaRft ey H1abou 4 t2raéf than the
Howev eapillamny/ dlkplat:hmenrbaatcaugedlbynbe d&ﬂﬂr’rtsﬂlmrtﬁ aamgfaﬂmez@&tﬁdﬂﬁtuaﬁohd 14 —
i « PO 3. St Ak MBS S 00 P sclrsheodifanb et ey peovide a
t wo phﬁﬁ%@itcﬁ%%rté@ésorfﬁs@%e ﬁge l%%?lli?rfaﬂdcly gyl ea.qu'én ttb(;ﬁr?i’*lly out the

pi ezo-stack actuator 514c I's arr
whi chseubbitghmotionooysir ex gresttet kurkateu ates ﬁ:)rSd[aanan]Ihb dae epaair stafﬁ,wd secondly,

Thi s ﬁ%ditio al |e OT%Q ck_act,uat or 540,[ ﬁ cqonnected to
f1 exu ”FRH@ ﬁyllce “MaR  Fag iRt 'i'aégplco OBFINdaPI'BIY Bvél' greater
el ect siGade ERUACRY OafHihd adiifioRt ofd tHS Al BEHENRILRStHee dk pbdH&Nrface of the

deformati ons of the two
semiconductor die.

FIG. 5 is a perspective view of a mounting device 500 according to a third embodiment of
the invention for mounting a bonding device to a bond head of a wire bonder. The
mounting device 500 of the third embodiment is similar to the mounting devices 100, 300 of
the first and second embodiments. For example, compared with the mounting device 300
of the second embodiment, the mounting device 500 of the third embodiment also includes
two piezo-stack actuators 514a, 514b along an YX-plane which are connected to a flexural
member 510.

However, unlike the mounting device 300 of the second embodiment, the mounting device
500 of the third embodiment further includes an additional piezo-stack actuator 514c
arranged above and between the two piezo-stack actuators 514a, 514b. Specifically, the
additional piezo-stack actuator 514c is arranged outside of the YX-plane on which the other
two piezo-stack actuators 514a, 514b are arranged. This additional piezo-stack actuator
514c¢ is also connected to the flexural member 504. Thus, through an application of various
electrical sources oscillating at given frequencies (e.g. 1KHz), deformations of the two
9



9 pl ezo-stack actuators 514a, 514b that are in phase with each

ot her together with deformation of the additional piezo-stack
actuator 514c that is out of phase with respect to the defornations
of the two piezo-stack actuators 514a, 514b via expansi on and

cont r afdAdc0stabR actbbftRar 5141 8n48! g BRe i~ piasSe Wiith éé’é!ﬁ%tﬁer together with
di spl acement of the tip of ‘the capillary 104 generally along its

| ongi defrmation-eixhe adgianal piezerstaolyentlatardd 1t that ieeont afnnhasaawéb respect to
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t he oGhefrattivh P 82Presk asdticRchlabahs V4R whlldduseTaRlighladdfent of the t|p of the
di spl acement of the capillary tip may be useful when bonding the bal
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to a bothtdeadineHronstiominFdspositeatirctlhs &f the MEEW@ (&’ostﬁbl%ctuators 514a,
nmount i_ng devi ce 600 of the fourth embodinent is simlar to
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dd |
SI e'nggﬁggﬁmaéétﬁﬁm?ihg @?M@td?égggiéggjr%rg%gﬂl SPHI{% Pl ezostack

actuator 614c on a ZY-plane. In particular, the ZY—pIane S
ort ho to the Xyplane al ong whi.ch two zo st ctuat
140, PRIAb 1% Pishereions! Bnboliglid rRYcaans A By RS areurB TR ment of
embodifEHyehfiors ot r‘ng[mfnﬁ’gg tahformm%bw@e% 66%d ﬁgad (SRGwn W%Gf 7t§§9620 of a
previous three e theiT r|nC| es and operations
earl i mredamderbﬁtleumunte:qu(ﬂgmcetfﬁaomélnarhme‘th emtmdmdaldt |Besmﬁalr’@cihatmduntmg

as cateOaB By Be BT SR RD: FroseliniARarery s adaletatbisessfak dcluator

expangi @ a@%g@@%él@ﬂtm@ﬁw&l b.bzb%té@kr getatdra e tdae SQaB'édoabﬁrallel to the piezo-
di spl acenent as caused by the deformation of jUSt he piezo-stack

act uaStﬁCkﬁQt@athéﬁﬂﬁ o Zé(sfélaae imeartinuan e d7e\<rptaé1e5tsoonamog¢@lttmtha XY-

ol | BT Poofy Wojch 7 ihef ol eP aBluct IS, AT By P PE BaRRRde acr os

t he pi ezo st ack act uat ors 614a, 614b would result in respective
expansi on and contracti on of therpl ezo- stack actuators 614a, 614b,

and aP8dneJBpEAIIthEEVICRAEN0 phihe iPWih embodipesk is $imilan v thenjounting devices

100, 300, 500 of the previous three embodiments, their principles and operations as earlier
described will apply. For instance, it should be appreciated that the potential displacement
of the capillary 104 along the Z-axis as caused by deformation of the piezo-actuators 614c,
614d via expansion and contraction will be larger than the capillary displacement as
caused by the deformation of just the piezo-stack actuator 514c, as in the case of the
mounting device 500 of the third embodiment.

FIG. 7 shows a top view of the mounting device 600.

Application of electrical energy that is mutually out of phase across the piezo-stack

actuators 614a, 614b would result in respective expansion and contraction of the piezo-

stack actuators 614a, 614b, and a corresponding linear motion of the tip of the capillary

104 along the X-axis. Also, osciilation of the phase polarities of the electrical energy
10



104 along the X-axis. Also, oscillation of the phase polarities of
the electrical energy 10 applied across the piezo-stack actuators
6l1l4a, 614b woul d cause a reversal of the respective expansion and
contraction of the piezo-stack actuators 614a, 614b, and a

corr e?a?@ﬂ@d nétrbsd ek ﬁiétzb@?a&ff dch.%tbiso 6€rf4at @4%3Wdullti‘rdéu%@5a' ﬂav’é’f’sal of the

oppos direction along the X-axis. Siml arly, application of
r espectespestive eexpansion aodr cestracivn af dhenpiezd-siackuacihiigphaStiacétds and a

expancobRoR i ATPAZHRHAn o i uB 5 e BBy R (BB atong the

and axcgyigesponding linear notion of the tip of the capillary 104
along the Z-axis. Also, oscillation of the phase polarities of the
el ectrical energy applied across the pi ezo-stack act uators 614c, 614d

o OB LA Porhithd SR YR B AV oo

not i ome)petzb%taa:}paotfuatdre &lale| bl ad ywolk® resuliin r@spesti\xeaeﬁbarmin and @oairection
the Z-axis. FlGs. to 8d _are side views of the nounting device 600
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si de Eéﬁ‘ﬂﬁryloflO&hﬁgggutgko%gix%ﬁ‘gl%& gggil?ﬁﬂg ﬁﬂtfe Hge) nga?@@ctﬁ'f\%t Slectrical

of the I"ar -axir's rcatron o
el ect eneajy appiegyadrbss tlae pietzotaiad:l{ acmmorefsualhasettdmvalﬂ@ chbee a reversal of the

i ezo-stack actuators 614c, 614 use .res ec ive contr
P PSRy ranpanRion, oAt Eaction, of I Iec-BERY. SGEIDTE Hal dmaa it and

pol ar béﬂr@&ﬁdlﬁ@gﬁéfﬁbﬂbﬁ i tr?é‘ﬁe%}’tr?eoc%blﬁ’&gWSOiﬁsaﬁ ngﬁn;ef@r%@ﬁvkawg the

actuators 614c oscillate 180 degrees e capl

be ac€emd$.ngly di spl aced downwards al ong the Z-axis due to the
respecti ve expansi on and contraction of the piezo-stack actuators
6l14c, 614d, as shown in FIGs. 8c and 8d. It should be appreciated

that pidersLrsdaresids visws af g mal htil HEViBe H00 wESP Qicifed ﬂ@n% direction A as
i nvention. For instance, the base nenber 112 of the nounting device

100 réjowné EKQ. e

FIGs. 8a and 8b are side views of the mounting device 600, showing upward
displacements of the capillary 104 along the Z-axis through the application of electrical
energy that are mutually out of phase across the piezo-stack actuators 614c, 614d to
cause respective contraction and expansion of the piezo-stack actuators 614c, 614d. When
the phase polarities of the electrical energy applied across the piezo-stack actuators 614c,
614d oscillate by 180 degrees, the capillary 104 will be accordingly displaced downwards
along the Z-axis due to the respective expansion and contraction of the piezo-stack
actuators 614c, 614d, as shown in FIGs. 8c and 8d.

It should be appreciated that other embodiments may also fall within the scope of the

invention. For instance, the base member 112 of the mounting device 100 may instead be

replaced by the flexural member 110, such that the entire structure of the mounting device

100 is configured to bend. In addition, it is not necessary for the piezo-stack actuator 114 to

be arranged at a side of the mounting device 100, as is the case seen in FIG. 1. The piezo-

stack actuator 114 may instead be arranged in the middle of the mounting device 100,
11



repl aced by the flexural nenber 110, such that the entire structure

of the mounting device 100 is configured to bend. In addition, it is

not necessary for the piezo-stack actuator 114 to be arranged at a

side of the nounting device 100, as is the case seen in FIG 1. The

pi ezosush atat agéfeahatiod 14f MRy piBsbesboacRidten et Id}brﬁ@eitsrm&%.ﬁ;di’ﬁa| Y-axis
t he nDuntlng device 100, 11 such that deformati on of i ezo- st ack

act uatsplaces tdneohgndmg tevige tumhich cvnmfisgsdhgmluaégnlcﬁéam@ehq 02 and the

capi | FaPYEB050¢ “2ABING FRcSin doAGRBMI oY R S oo o R Rla oy also be

act uaieed, @fadhaalssmatgmmdcn@abtmor@amaabl@t byr]czin vPphéd Lrﬁé étic field and/or
act uabl e by an applied magnetic field and/or s nenory | oy based

act uaBba MeseryeallayrRasadaciugiorsxbazidan e piczoceinrh aglgiorwedescribed above.

|t oor oIRGB AL B FostRBCS aRBle AR BT, AL ReRRLPitp feature of

connetfie bgnd betd of thangdmamdeo fortdumneactieg botieiransdudcar obthe wire bonder.
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1. An apparatus for nounting a transducer to a bond head of a wire
bonder, the bond head of the wire bonder being operative to

nmechani cal ly drive the transducer when form ng el ectrical

I nt erconnecti ons between separate |ocations within a sem conduct or
packa@Haiphge apparatus conpri sing: a flexural structure having

a connector for connecting to the transducer, the flexural structure
bei ng Teonf A6UARRArEBISHORANOWHING a transducerclesa bend headuelt @ wirst lberdesdtheobond

bend {REST I dthr b BoorefiZFta eREleAl) BB aBRB0Gl Whigh Porming
t r ans élspdricat dnieectratbctinas diatween ddpargieniveations within BleemidutidRictss Phckage,
claim1, wherein the transducer is configured to oscillate along its

| ongi thRIPPRAratS GORESNEE at | east one actuator is operative to bend

the fl I : i i
path that Aol aicfre g A oriBeicr AR eI dng e BHed, 08 rBvural
t r ansdtroeture beimgesaifiguesd t lbewd;ldnat e when nechanically driven by the

bond head of . the wire bonder. 3. The apparatus of claim?2, wherein
Phoreond Shatdat i SelRler Rierib & Gne MBI Seliure. She 1ot depploqip mctuator

SUTr UChBfgy opgﬁti-\'feetboal%]@ﬁﬂ ghusiSursl gyﬂ%‘%re ‘Q’B%@L&‘b BEuddy 3 % dthént of the

are configu to be actuated out ase Wt espect to ea

ot her transducEreocappalesittheraid vid tniersohnestaerein the two actuators are
configured to be actuated in linear notions in opposite directions
Wi th respect to each other. 6. The apparatus of claim2, wherein

therepare FhelgpsraiBraQlast yaiaekitiaGRALdIQItEohtigrenab oscillgte along its
structure, the at least three actuators being actuatable to bend the
f | exuloagitydinat exiseand e ehigast mne acthgtiuderopesativesisn bead the dieyueal structure,

i s AR ADRAR R il 4308 e b i BT pE ReioRina) axis
mec haalopgl Wiich the erandutdeishsprdatienth obcilldte whée nisohdalcally driven by the bond

head of the wire bonder.

3. The apparatus of claim 2, wherein there are two actuators attached to different
points on the flexural structure.

4. The apparatus of claim 3, wherein the two actuators are configured to be actuated
out of phase with respect to each other.

5. The apparatus of ciaim 4, wherein the two actuators are configured to be actuated in
linear motions in opposite directions with respect to each other.

B. The apparatus of claim 2, wherein there are at least three actuators attached to the
flexural structure, the at least three actuators being actuatable to bend the flexural structure
such that the transducer is displaced along a plurality of paihs each of which is different
from the longitudinal axis along which the transducer is operative to oscillate when

mechanically driven by the bond head of the wire bonder.
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7. The apparatus of claim®6 conprising three actuators, wherein two
of the actuators are arranged on a plane and the third actuator is
arranged outside the plane. 8. The apparatus of claim7, wherein the
two actuators arranged on the plane are configured to be actuated out

of phase wiThe #gsdraals doclaas® edmprisingXhrddacrprasaerdlh taoadbMh@, actuators
wherein the two actuators arranged on the plane are configured to be

act uaBER| Arrangea eara pieNeNd wedbb@gptt@t@r is@stanges Mtsidetbe plane.t o each

other. 10. The apparatus of claim?7, wherein the two actuators

arranged on the plane are configured to be actuated in phase with

respegt tOThaCQppm’a&Is obwaithe, Whier@inamwmwracﬁfaﬁaﬂsgadaﬁgé@Idiﬁtﬁéﬂ‘falane are

pl ane is_ configured to be actuated out of phase with respect to the

two aéPltigyed tgpﬁaﬁ?ﬁ%@egrp%tﬁépﬁﬂ%é”th rggpeqtﬁ@ easpatheus of claim 10,

wherein the third actuator is configured to be actuated in |inear

nmotion in opposite directions to the two actuators arranged on the

pl ane9. 12Théhepparphrsablislaiin 8) aihm@ncmephﬁcsiang.la‘tonsr aaehged amsihe plane are

wherein two qf the actu S are arran irst plane and th

o1 her COUBES dabaactiaedar iapguaofn I dasents GresionitogsRan lochaRother.

first plane. 13. The apparatus of cI aim1l, wherein the at |east one

actuator is operative to bend the flexural structure, such that the

transdQcer The appayhtusedt al%ng?am&reintﬂ‘iattvablacﬂabmsdarrangem@n the plane are
is_0 tive t

| ongi tu naI ich,the transduc .

ooc) Pattd\Rtea 36! Beradiitel I BrbSe wih RRESHin BaeRbBer 1 ' fhg g actuator
bondegranddd olRId@RREAANS iPEoRiGred o b@ﬁét@'atbd Bet 8t phﬁ@é‘wﬂlﬂﬁéspect to the
actuator I's a piezo-stack actuator configured to be actuated

el ect M@ artugiars eerangedan e plane: sub-ul trasonic frequency. 15 The
apparatus of claim1l1l, wherein the at | east one actuator is a
magnet ostrictive act uator configured to be actuated by an applied

magnetic fiTaedpparatus of claim 10, wherein the third actuator is configured to be actuated in
linear motion in opposite directions to the two actuators arranged on the plane.

12.  The apparatus of claim 6 comprising four actuators, wherein two of the actuators are
arranged on a first plane and the other two actuators are arranged on a second plane

orthogonal to the first plane.

13.  The apparatus of claim 1, wherein the at least one actuator is operative to bend the
flexural structure, such that the transducer is displaced along a path that corresponds to
the longitudinal axis along which the transducer is operative to oscillate when mechanically
driven by the bond head of the wire bonder.

14.  The apparatus of claim 1, wherein the at least one actuator is a piezo-stack actuator
configured to be actuated by an electrical source operative at a sub-ultrasonic frequency.

15.  The apparatus of claim 1, wherein the at least one actuator is a magnetostrictive
actuator configured to be actuated by an applied magnetic field.
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16. A wire bonder for providing electrical interconnections between
separate |l ocations within a sem conductor package, the w re bonder
conprising the apparatus of claim 1.

16. A wire bonder for providing electrical interconnections between separate locations
within a semiconductor package, the wire bonder comprising the apparatus of claim 1.
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