-1- BONDI NG APPARATUS COVPRI SI NG | MPROVED OSCI LLATI ON AVPLI FI CATI ON DEVI CE
5 Field of the Invention The invention relates to a bondi ng apparatus which
conprises an anplification device such as a horn for transmtting energy
generated froma driver to a bonding site, and in particular, to an

ul trasoni ¢ bondi ng apparatus. 10 Background and Prior Art Bondi ng apparatus,
such as those used in the sem conductor assenbly industry, commonly rely on
ul trasonic energy for bonding electricalty conductive wire to 15 electrical
contact pads. FIG 1 is a side view of a conventional ultrasonic transducer
100 of the prior art that is now wdely available in the market. The
conventional ultrasonic transducer 100 conprises a horn 102 with a

substantially circular cg { ] ' ' ated a nounting
barrel 104 consisting of EONDING ABP ?OS%MP*PSI ?’Cg t he transducer 100.
Q her conventional JMPROMED OSCHIAATION AMRYIFICATIONSBEVICES t hat have
general ly rectangul ar cross-sections. Utrasonic energy Is produced by
driving neans, which may conprise an ultrasonic driver 108 coupled to the
horn b siﬁﬁéhqg }h1gﬁh§§e” a front plate 110 and a back plate 25 112 of the
transdlce : plate 110, ultrasonic driver 108 and back plate
112 may be conpressed together using an axial bolt (not shown) under high
torque. A_bonding tool, such as a capillary 106, is attached to the tip of

| . . ) . Lorp
the hor n Thezinyentien splptesi teadhanding epparalivs Wiich sasprisesran RERIIBEAAHN of
the ul tragQeCsI&h ‘R alfifm %% transmitting energy generated from a driver to a

bonding site, and in particular, to an ultrasonic bonding apparatus.

T
Background and Prior Art

Bonding apparatus, such as those used in the semiconductor assembly industry,
commonly rely on ultrasonic energy for bonding electrically conductive wire to
15 electrical contact pads.

FIG. 1 is a side view of a conventional ultrasonic transducer 100 of the prior art
that is now widely available in the market. The conventional ultrasonic
transducer 100 comprises a horn 102 with a substantially circular cross-section

20 on which is located a mounting barrel 104 consisting of a hoilow cylinder for
mounting the transducer 100. Other conventional ultrasonic transducers may
comprise horns that have generally rectangular cross-sections. Ultrasonic
energy is produced by driving means, which may comprise an ultrasonic driver
108 coupled to the horn by securing it between a front plate 110 and a back plate

25 112 of the transducer 100. The front plate 110, ultrasonic driver 108 and back
plate 112 may be compressed together using an axial bolt (not shown) under
high torque. A bonding tool, such as a capillary 106, is attached to the tip of the
horn 102 at an opposite end of the horn 102 away from the location of the
ultrasonic driver 108.
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-2- During operation, a set of piezoelectric discs conprised in the
ultrasonic driver 108 is subjected to an alternating electrical signal

whi ch causes the discs to expand and contract according to the signal.
Consequently, an ultrasonic wave is generated at the applied frequency of
the electrical signal. Since the wave 5 produced has a small anplitude, an
anplifying device (in this case the horn 102) is required before the wave
is passed to the bonding tool such as tBe capillary 106. The horn 102 is
usual ly constructed with a decreasing cross-sectional area along 10 the
axis of the transducer 100 towards the capillary 106. The ul trasonjc energy
that is t CaHing opeatioaugesetiafepieagelectsicydisos comipsised |ip dhe ykasgniedriver t he

om0 o, Dbl igBlet BE o3t HEcHbHLERRH] BBIPERL-EL hondéPsgl L0
t he bondi rgpahd andhedsmtiact R cortihd td fise vighal.t Consbqiehthg ditnkrasenigtwihe
bondi ng site during wire bonding. 15 As noted above, the horn 102 of such a

convent i ofigigenetated @i thet appliedutequarsly ohthe gleginal signalci pingedhe wave
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bondi ng pli®esqsiredVBERPY The WiRrd isapgstiedieto tHOboMEIRG 3661SsIcNhs NHE WapAdry
resonance during operation. It is hence held at node | ocations by using a

thin web1®6.nmaterial that connects the horn 102 to the barrel 104 at a node
| ocation of a standing ultrasonic wave within the horn 102 generated by the
activated wultrasonic driver 108. Generally, the transducer 100 is held on a

bondi ng sYHeBrnbd0Lisargvially cohs®iictbl Gvithaa idelcradbing b3 stdeatiofalr el diéng

transferred to the horn and the 25 ultrasonic driver. _As a result,
consi 3@r atihe axisr aff #hej sarsducen 108 towardmthe capillagul®b g Thpeasltiasenic energy

that is transmitted causes the capillary 106 to oscillate parallel to the longitudinal
axis of the horn 102. The ultrasonic energy at the tip of the capillary 106 is
applied to wire that is fed through the capillary 106 at the bonding site whereby to
weld the wire to a bonding surface at the bonding site during wire bonding.

15
As noted above, the hormn 102 of such a conventional ultrasonic transducer 100
has a generally circular cross-section throughout. During bonding, the horn 102
is subjected to bending loads as the transducer 100 is lifted up and down during
the bonding process. Moreover the transducer 100 undergoes continuous

20 resonance during operation. [t is hence held at node locations by using a thin
web of material that connects the horn 102 to the barrel 104 at a node location of
a standing ultrasonic wave within the hom 102 generated by the activated
ultrasonic driver 108. Generally, the transducer 100 is held on a bonding system
by clamping it on the barrel 104 such that strain is transferred to the horn and the

25 ultrasonic driver. As a result, considerable strain is caused on the horn 102

during operation.

While homs with circular or rectangular cross-sections are generally adequate for
wire-bonding applications and are widely used, there is nevertheless a desire to

30 further improve the performance of the transducer 100, such as by improving the



VWhile horns with circular or rectangul ar cross-sections are generally
adequate for wre-bonding applications and are wdely used, there is
neverthel ess a desire to 30 further inprove the perfornmance of the
transducer 100, such as by inproving the -3- oscillatory efficiency and
anplification characteristics of the transducer at the capillary 106.
Summary of the Invention 5 It is thus an object of the invention to seek to
provide an ultrasonic transducer with-&m inproved anplification device that
Is suitable for use in the propagation of wultrasonic energy in an
ultrasonic transducer. 10 According to a first aspect of the invention,
there is psoliaty effisiengy nandamplication chapacterisics ah the dransgducen at the
anplificagﬁﬁﬂIQQ!@ge havi ng a |l ongitudinal axis; an wultrasonic driver
coupled to & I'llation anplification device at a first position along
the | ongi tudi nal axis; and a bonding tool nmounted to the oscillation
anplification device at a second position along the |ongitudinal axis spaced
from 15 t Heummaty ohthe kventiomher ein the oscillation anplification device has
a substantially triangular cross-sectional area on a plane that is
orthogOnal to the longitudinal axis. According to a second aspect of the

i nvention, It {eHUS aa dbjedti sfatiedventionatoBieek t@Prévide whiorfasenitPtransdigera horn
having a | ongi tudi nal axis; an ultrasonic driver coupled to the horn at a

first posiwillbanampreyedemplificationdevige that is suitablexfassiegiinghe penagaionoéd t o
the h i 1] ; i tudi nal axi d f th
e s s ABRRe LA OB AR BBYGREL VLR, )5 ebaced Lrom the

sectional area on a plane that is orthogonal to the |ongitudinal axis. 25

{ 10  According to a first aspect of the invention, there is provided a bonding apparatus

comprising: an oscillation ampilification device having a longitudinal axis; an
ultrasonic driver coupled to the oscillation amplification device at a first position
along the longitudinal axis; and a bonding tool mounted to the oscillation
amplification device at a second position along the longitudinal axis spaced from
16 the first position; wherein the oscillation amplification device has a substantially
triangular cross-sectional area on a plane that is orthogonal to the longitudinal

axis.

According to a second aspect of the invention, there is provided an uitrasonic
20 transducer comprising: a horn having a longitudinal axis; an ultrasonic driver
coupled to the horn at a first position along the longitudinal axis; and a bonding
tool mounted to the homn at a second position along the longitudinal axis spaced
from the first position; wherein the horn has a substantially triangular cross-
sectional area on a piane that is orthogonal to the longitudinal axis.
25
According to a third aspect of the invention, there is provided an oscillation
amplification device comprising: a horn having a longitudinal axis; an oscillation
generation portion at a first position of the horn along the longitudinatl axis for
coupling an ultrasonic driver; and a bonding portion at a second position of the
30  horn along the longitudinal axis that is spaced from the first position for mounting



According to a third aspect of the invention, there is provided an
oscillation anplification device conprising: a horn having a |ongitudi nal
axis; an oscillation generation portion at a first position of the horn
along the longitudinal axis for coupling an ultrasonic driver; and a
bondi ng portion at a second position of the 30 horn along the | ongitudinal
axis that is spaced fromthe first position for nmounting -4- a bonding tool;
wherein the horn has a substantially tr#dangul ar cross-sectional area on a
pl ane that is orthogonal to the |ongitudinal axis. It would be conveni ent

hereinafter to describe the invention in greater detail by 5 reference to
t he acconpabpndinadtaoki whereinitbe hamuaas g substantiafyoliangklar grogsreectianant i on.

The particylarjt t r aw scription is not to be
under st ooaéi'gg snu%Qgsneecf?%tggt%%ﬁg%dﬁhwsgém{ﬁéag@@%d identification of the
invention as defined by the clains. 10 Brief Description of the Draw ngs
Exanpl es of preferred enbodi mnents of an apparatus in _accordance w th the

i nvent i on Hwoulthbe eanvgaiantiheseainaftente deserhe the hventionde @rpaiey idedaiibywi ngs,

art; FPa. rstrehtato Ind Sefombdfvith Eadindd Which RaRlS redbBvsRedioflE Fo o
first preahegrtRmh. Thegshriemarigioftthe drawiagsiama, thelefatéd déstriptivnss @t to lbav of
the ultrasonic transducer according to the first preferre enbodi nment ,

| ooki ng al Wisprsteed| angsuparsedingatties generality 1dr ther saadii identification ohtheli g 2;
25 FIG 4 hSefbn 3§’Hgﬁﬁéd:byh$é’vclgfm§.n ultrasoni c transducer according to a

second

' 10 Brief Description of the Drawings

Examples of preferred embodiments of an apparatus in accordance with the
invention will now be described with reference to the accompanying drawings, in

which:
15
FIG. 1 is a side view of an ultrasonic transducer of the prior art;
FIG. 2 is an isometric view of an ultrasonic transducer according to a first
preferred embodiment of the invention;
20

FIG. 3 is a side view of the ultrasonic transducer according to the first preferred
embodiment, looking along the longitudinal axis of the horn from direction A in
FIG. 2;

25 FIG. 4 is an isometric view of an ultrasonic transducer according to a second

preferred embodiment of the invention;

FIG. 5 is a side view of the ultrasonic transducer according to the second
preferred embodiment, looking along the longitudinal axis of the horn from
30 direction B in FIG. 4;



preferred enbodi nent of the invention;, FIG 5 is a side view of the

ul trasoni c transducer according to the second preferred enbodi nent, | ooking
al ong the | ongitudinal axis of the horn from 30 direction Bin FIG 4; -5-
FIG 6 is a graph showing a conparison between ultrasonic vibration
anplitudes obtained when operating a conventional transducer according to
FIG 1 as conpared to an ultrasonic transducer according to FIG 2; and 5
FIG 7 is a graph showi ng a conpari son-ietween i npedance vari ati ons when
operating a conventional transducer according to FIG 1 as conpared to an

ul trasoni c_transducer according to FIG 2. Detail ed Description of the

Pref er r ed Efbddisnagraphshewing acempasison tetween uiraspnigvibsatian amplitudew of a

bondi h | ' i fi
ret er P ed SRBRE R, pBRrdRa 7L KT dititonal PIRANEES attoRfg o Bl ,3s''
conpri ses c%mﬁél‘éid!tbaelid @!ﬂa@ﬁﬁibitfa}rﬁsﬂhb@ﬂa&%fﬂmg tb'FIGhe; Bagm of a horn 12

having a longitudinal axis parallel to and running afong the length of 15
the horn 12. A nounting barrel 14 is |located on the horn 12 and may be in

the farm of hol | ow ¢yl inder. The horn 1 s.an 1]l ation.gen i on
por ti of a7 1S Bty shAWEe rdmemirer, belfat Topgtalae, et RE&h, °7 or
coupl i ng aébéhiiﬁq%)%oﬁvéﬁiim-trgﬁécﬁjckr rfdcoRfiRg toORIG S 1 29 donedsredbloyaat one
end of the horn 12 where an ultrasonic driver 18 is secured between a front
pl ate 20 awtrasomisdransducer actording talklGagoni ¢ driver 18 is configured to
transmt oscillatory vibration along the horn 12 in directions parallel to
the longitudinal axis. 25 The horn 12 also has a bonding portion as a second

posi ti on obeidied MEdtribBoi Ptk Preferred Embodiments of the Invention
{
10

FIG. 2 is an isometric view of a bonding apparatus such as an ultrasonic
transducer 10 according to a first preferred embodiment of the invention. The
ultrasonic transducer 10 comprises an oscillation amplification device in the form
of a horn 12 having a longitudinal axis parallel to and running along the length of

15 the horn 12. A mounting barrel 14 is located on the horn 12 and may be in the
form of a hollow cylinder.

The horn 12 has an oscillation generation portion at a first position of the horn 12
along the longitudinal axis for coupling an uitrasonic driver. This first position is

20 preferably at one end of the horn 12 where an ultrasonic driver 18 is secured
between a front plate 20 and a back plate 22. The ultrasonic driver 18 is
configured to transmit oscillatory vibration along the horn 12 in directions paraliel
to the longitudinal axis.

25 The horn 12 also has a bonding portion as a second position of the horn 12 along
the longitudinal axis spaced from the first position for mounting a bonding tool. A
bonding tool such as a capillary 16 is attached to a tip of the horn 12 at the
second position, preferably at an opposite end of the horn 12 to the ultrasonic
driver 18.

30



the | ongi tudinal axis spaced fromthe first position for nmounting a bonding
tool. A bonding tool such as a capillary 16 is attached to a tip of the
horn 12 at the second position, preferably at an opposite end of the horn
12 to the ultrasonic driver 18. 30 -6- As can be seen fromFI G 2, the horn
12 has a generally triangular cross-section on a plane that is orthogonal
to the longitudinal axis of the transducer 10. The triangular cross-section
has three vertices, with one vertex 13 -dftented substantially in the same
direction as the orientation of the capillary 16. 5 Therefore, the said
vertex 13 is facing the bonding surface. Preferably, the triangle is an

i soscel es Agicaighe saar fian E'@rgf@ﬁdmfyﬂa has argenajally iranguias §ipssasestion

triangle. | S | ' : nj C ing to
the riret oha preCHRLE BRniuite R JsHuldMaRTRGs ol 3% BahStudet R340,

the horn lfidngotar droesbedion has Rhfee 2verlibes, Witw shevseres! 18 2fiehtodred at
the tip of the horn 12 to accommodate the capillary 16. Althél;)gh the tip of

t he horn 1subsgiaptialiyein ethea Samaditeptionappy the rerigrdatiom ofr thes tanyn16.ot her

shapes suc i u dr.i t he,horn 12
are als piggf‘#’f&e atg%céggh‘géq%gggp{sl *aﬁ@%emgyﬁ%ggpoﬁ?ﬂ%anﬁ% ﬁ% n the
slit 24, thaglé is 24 idoscelegdfidngletand Mere pesfeldtay théGriangletis ahteyuiidtaralt h a
screw 26 to_secure the capillary 16 in place for w re bonding operations.
FIG 3 al sHiangdleistrates cl anping positions 28a-c at which the ultrasonic
transducer 20 10 is clanped to a bond head (not shown). Each cl anmping
position 28a, 28b and 28c is preferably clanping the nounting barrel away

fromthe vpIGi Gess of sidee view icinglec ultigohict trahsdacdr ¢0aaguordingot the rfirsts
generally aligned with a side of the L _

: 10~ preferred embodiment, looking along the longitudinal axis of the horn 12 from
direction A in FIG. 2. This view shows a slit 24 formed at the tip of the horn 12 to
accommodate the capillary 16. Although the tip of the horn 12 is presented as
substantially circular in cross-section, other shapes such as triangular or
quadrilateral shapes at the tip of the hom 12 are also possible. Once the

15 capillary 16 is placed in position within the slit 24, the slit 24 is closed onto the
capiliary 16 and tightened with a screw 26 to secure the capillary 16 in place for

wire bonding operations.

FIG. 3 also illustrates clamping positions 28a-c at which the ultrasonic transducer

20 10 is clamped to a bond head {not shown). Each clamping position 28a, 28b and
28c is preferably clamping the mounting barrel away from the vertices of the
triangle, such that each clamping position is generally aligned with a side of the
triangle.

25 Preferably, the clamping positions 28a-c are located at approximately 60-degree
offsets from each vertex of the triangle. Each clamping position 28a, 28b, 28c
includes two clamping points that are aligned with each other along the barrel 14
parallel to the longitudinal axis of the transducer 10. Therefore, the barrel 14
preferably has a total of six clamping points. This arrangement enables strain

30 transfer to the horn 12 and ultrascnic driver 18 from the barrel-clamping
arrangement to be reduced. An advantage of this clamping arrangement is to



triangle. 25 Preferably, the clanping positions 28a-c are | ocated at

approxi mately 60-degree offsets fromeach vertex of the triangle. Each

cl anpi ng position 28a, 28b, 28c includes two clanping points that are
aligned with each other along the barrel 14 parallel to the |ongitudinal
axis of the transducer 10. Therefore, the barrel 14 preferably has a total
of six clanping points. This arrangenent enables strain 30 transfer to the
horn 12 and ultrasonic driver 18 fromtie barrel -clanping arrangenent to be
reduced. An advantage of this clanping arrangenent is to -7- serve to reduce
t he i npedance changes of the transducer 10 observed between cl anped and
uncl anped S84 §& reducenibetimpesiance chaoges obthe tragsducersthebservedihaiveen an

the | nventdaRPeREGincneds SEPe SR UmATER 90 culcer 10" 1o simiar to

that of the ultrasonic transducer 10 of the first enbodinment. It conprises
a horn 12 extending froman ultrasonic driver 18 secured between a front
pl ate 20 dri.d4 barkispmatdc yiewaof anallteasenig tranedueard O accamingiteasecrady 16

rovevep, teretdd ePbeklfei ok pRbndth STREE Su B, phABoRE, Faffinetlon: o

is that ai(yqstsmsitdStocthat iff the I REBAE trahedGcsetl igirtheffirshembodimédnm. i s
oriented in an opposite direction as conpared to the orientation of the

capi | | ary aamprigasoa diong |12, extendingafremvan ulirasopic driverci geswed betweaea dondi ng
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second prgtfiheddo nPef thefiorn! 1Q04t dioppesie éMbof BRtdrHAIZNal axis of the
horn 12 from direction Bin FIG 4. It shows clanping positions 28a-c on

the mdfnting barrel
However, the difference between the first and second preferred embodiments is

that a vertex 13 of the triangular cross-section of the horn 12 is oriented in an

opposite direction as compared to the orientation of the capillary 16. Accordingly,

the said vertex 13 is facing away from a bonding surface. Instead, a side of the
15 triangle is facing the bonding surface.

FIG. 5 is a side view of the ultrasonic transducer 10’ according to the second
preferred embodiment, looking along the longitudinal axis of the hom 12 from
direction B in FIG. 4. It shows clamping positions 28a-c on the mounting barrel
20 14 for attaching the ultrasonic transducer 10’ to a bond head (not shown).
Similar to the first preferred embodiment of the invention, each clamping position
28a, 28b and 28¢ is preferably aligned with a side of the triangle of the horn 12.
Accordingly, the clamping positions 28a-c have shifted from that of the first
preferred embodiment because the orientation of the vertices of the triangular
25  cross-section of the horn has changed. Similar to the previous embodiment, the
clamping positions 28a-c may comprise a total of six clamping points, with two

clamping points at each clamping position.

In tests performed on both the transducers 10, 10" according to the preferred
30 embodiments of the invention, the first preferred embodiment was found to

present greater stiffness and minimal impedance change due to strain during



20 14 for attaching the ultrasonic transducer 10' to a bond head (not

shown). Simlar to the first preferred enbodi nent of the invention, each

cl anping position 28a, 28b and 28c is preferably aligned with a side of the
triangle of the horn 12. Accordingly, the clanping positions 28a-c have
shifted fromthat of the first preferred enbodi nent because the orientation
of the vertices of the triangular 25 cross-section of the horn has changed.
Sinmlar to the previous enbodi nent, the8-clanping positions 28a-c my
conprise a total of six clanping points, with two clanping points at each
clanping position. In tests perforned on both the transducers 10, 10

accor di ng bonding-apcemnared to Yue srpoar Peefesedrembedimaninalthnugh hethr shoyy

f d di_ment f O i f i nj ol
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characteristics in other respects. Thus, the first enbodinment is preferred
over the second enbodi nent, although both may be inplenented. 5 FIG 6 is a

h show i .bet |. ' ' ' . | .t t ai ned
when ofer SUPnG 15 AR SRANS 4 FaRedGAT B et LtaRbhR B AEERuIE "100
accordi ng dti?aiﬁé@wﬂerﬂégé@ﬁﬁ@@@oh@erﬂibddl tranBQiicdr Wit BSElksifdr drosgeeetish ng to
FIG 2. Afirst graph 30 shows the operational anplitude of the conventi onal

ul t rasoni ¢l00ragesddiogrto F0G. iashcemparasiiioaan slitesonictcanssiuegr ABraccodding nd a

d 10 tJ | ol i . t '
Cransducer 160 o et gtBphn, MIBWa: trel BheBnnt AMpfleltr e kBRfdang!  ne
first prefigtragshieraagdinesit10u with RecitdiNeéro8ssediivhetl RoMMS1GH amd #8econd
l,ongi t udi nal di spl acenent at each point of the respective transducer al ong

thei r 10end@raph dZeshawethe epetationat amplitisteyoban uwisasanic transdycerst) with.a 15
triangular cross-sectioned horn 12 according to the first preferred embodiment of
the invention. The graphs show the longitudinal displacement at each point of
the respective transducer along their lengths when operated at a frequency of
approximately 138 kHz.

15
Point x4 corresponds approximately to the position whereat the mounting barrel
14 is connected to the horn 12, whereas point x; corresponds to the position of
the capillary. At point x;, which is the operationally important part of the
transducer where ultrasonic energy is applied for wire bonding, the longitudinai

20 displacement of the capillary shows a marked increase for the transducer 10
applying a horn with a triangular cross-section. In the example, the increase in
longitudinal displacement using the new transducer 10 is about four times or
more as compared to that of a conventional transducer 100. Thus, the uitrasonic
transducer 10 according to the first preferred embodiment of the invention is

25 more effective than the conventional transducer 100 for welding wire to bonding

surfaces.

FIG. 7 is a graph showing a comparison between impedance variations when
operating a conventional transducer 100 according to FIG. 1 as compared to an
30 ultrasonic transducer according to FIG. 2. A first graph 34 shows impedance

variations of the ultrasonic transducer 100 of the prior art when it is operated at a



Poi nt x, corresponds approximately to the position whereat the nounting
barrel 14 is connected to the horn 12, whereas point x2 corresponds to the
position of the capillary. At point x2, which is the operationally

i nportant part of the transducer where ultrasonic energy is applied for

wi re bonding, the |ongitudinal 20 displacenent of the capillary shows a

mar ked i ncrease for the transducer 10 applying a horn with a triangul ar
cross-section. In the exanple, the incr&ase in |ongitudinal displacenent
usi ng the new transducer 10 is about four tinmes or nore as conpared to that

of a conventi onal transducer 100. Thus, the ultrasonic transducer 10
accor di ng 8iected range Of fieguepeies. AvsearheiSrari 3prEbaws, isrpedancesvarstings o

S foces® dAB RSO YBREL AR 1 d BERSEIER hBhrelndd BhbdiifiohtluRER <! N0
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vari ati onst iedtﬁmram@ledtahersﬂn?e sslorredtrangelof frequedciesr 100 accordl ng to FIG 1
as conpared to an 30 ultrasonic transducer according to FIG 2. A first

graph 34 shows inpedance variations of the ultrasonic transducer 100 of the

prior art f A
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sel ected range of frequencies. 5 At frequency 2 (about 137 kHz), the
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would have a lower minimum impedance value. Accordingly, the minimum
overall impedance of the conventional ultrasonic transducer 100 is much higher
than the minimum overall impedance of the new transducer 10, such that the
15  conventional ultrasonic transducer 100 is less efficient in transforming the applied
electrical energy into mechanical energy. Furthermore, since the heat induced in
the piezoelectric motor is proportional to the impedance, the new transducer 10

will have reduced heat emission as compared to the conventional transducer 100.

20 It would be appreciated that the preferred embodiments of the invention provide
ultrasonic transducers that have lower mass and inertia, so that less energy is
required to move the transducers during bonding. They also have better
ultrasonic amplification characteristics as compared to conventional ultrasonic
transducers that have horns with circular or rectangular cross-sections. The

25 increase in ultrasonic vibration amplitude at the capillary tip from the same motor

source is significant compared to the conventional design.

Besides a reduction in overall impedance of the transducer compared to
conventional transducers resulting in more efficiency, the impedance change
30 before and after clamping is minimal, so that the transducer can function more
consistently. By making the body of the horn 12 dynamically more rigid through



woul d have a | ower m ni mum i npedance val ue. Accordingly, the m ninmm

overal | inpedance of the conventional ultrasonic transducer 100 is much

hi gher than the mninmum overall inpedance of the new transducer 10, such
that the 15 conventional ultrasonic transducer 100 is |less efficient in
transform ng the applied electrical energy into nmechanical energy.
Furthernore, since the heat induced in the piezoelectric notor is
proportional to the inpedance, the new f@ansducer 10 will have reduced heat
em ssion as conpared to the conventional transducer 100. 20 It would be
appreciated that the preferred enbodi nents of the invention provide

ul t r asoni cther 4a€dok &g twith HEgrgulansrostsectiong, ithanebles desseRainwartedener gy
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so that the transducer can function nore consistently. By naking the body of

t he horn 1pvegtiemiroay | §e implemenied onr euighing llgonding sikséems withast windue
triangul ar jor 0§s-sections, it enables | esser unwanted vibrations at the tip
of the capﬁ"ﬁcé' *16 during bonding operations. Furthernore, in order to
obtain the aforenentioned advantages, a horn 12 having a triangul ar
‘oss-section is not difficult to manufacture and/or machine. It can be 5
nuf & ur Ede imvantion dasicebedyhaiein| isnguaceptibierte variations h magificajoes and/aror m a
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within the spirit and scope of the above description.



difficulty. { 10 The invention described herein is susceptible to
variations, nodifications and/or additions other than those specifically
described and it is to be understood that the invention includes all such
vari ations, nodifications and/or additions which fall wthin the spirit and
scope of the above description. -11- CLAIMS: 1. A bondi ng appar at us
conprising: an oscillation anplificatipn-device having a |ongitudinal axis;
5 a nmounting barrel coupled to the oscillation anplification device; an
ultrasonic driver coupled to the oscillation anplification device at a first
positi on LS he | ongitudi nal axis; and a bonding tool nounted to the
oscillation anplification device at a second position along the

| ongi tudi nal axis spaced fromthe first position; 10 wherein the oscillation

anplificati on dewdrfnd'apparafustsdnipyidig:| y triangular cross-sectional area on
a plane that is ort_hogonal to the |ongitudinal axis, the bonding apparatus
further conpri @nmgcillabon amplificationgeviger hayinga langitudinghdxiShe nounting barrel
at cl agpi ng posi ti ; ha. | : he. triangul ar
cross-Secti ona?j éég@ﬁ]g%?%lﬁgy B'?@ﬁﬂ%?ﬁ%ﬁﬁ’“%ﬁ?'ﬁ? %Hm?@eﬁ?% general ly

al i gned with aaniuleasdni¢ devdrrecupidceto the oAciiatioh ampdifipationt dsvigesatch éirsted i n
claiml, wherein the triangular cross- sectional area has a vertex that is

ori ent ed iﬂﬁ’slﬁiﬁﬂﬁ%ﬂﬁ‘h&lm?@_ algxs andect i on as the orientation of the
wherein the shaprifh RRIMAMEFRILE beciiafion HhRafioh Bl at a¥echd Tl o
tri angl e. position along the longitudinal axis spaced from the first position,
10 wherein the oscillation amplification device has a substantially triangular
cross-sectional area on a plane that is orthogonal to the longitudinal axis,
the bonding apparatus further comprising a clamp that is configured to
clamp the mounting barrel at clamping positions located away from the vertices
of the triangular cross-sectional area such that each clamping position is

15 generally aligned with a side of the triangle.

2. A bonding apparatus as claimed in claim 1, wherein the triangular cross-
sectional area has a vertex that is oriented in substantialiy the same direction as
the orientation of the bonding tool.

20
3. A bonding apparatus as claimed in c¢laim 1 or claim 2, wherein the shape

of the triangular cross-sectional area is an isosceles triangle.

4, A bonding apparatus as claimed in claim 3, wherein the shape of the

25 triangular cross-sectional area is an equilateral triangle.

5. A bonding apparatus as ciaimed in any one of the preceding claims,
wherein each clamping position is located at an approximately 60-degree offset
from a vertex of the triangle.

30



4. A bonding apparatus as clainmed in claim3, wherein the shape of the 25
triangul ar cross-sectional area is an equilateral triangle. 5. A bonding
apparatus as clainmed in any one of the preceding clains, wherein each

cl anping position is |located at an approxi mately 60-degree offset froma
vertex of the triangle. 30 -12- 6. A bonding apparatus as clainmed in any one
of the preceding clains, wherein eacmzl anping position conprises two

cl anping points that are aligned wth each other parallel to the

| ongi tudi nal axis of the oscillation anmplification device. 5 7. A bonding
appar at us 6as clhaboeding namamseamfclaihmdp ire@eyli o of dhespreceding ediaintshe
ultrasonic driver is con

| h
bsel 11 ot St dachcaEBinadedaion RambRee e FErping intints Yoatidte A1GngH L odi nal

axis. 10 it BatH tdu?e&omrﬁuénrt@nméumpnsamr bk N6F: theaoélfmdllohadmﬁm'to%tlon _
| ongi tudi nal axis; a nounting barrel coupled to the horn; an ultrasonic

driver co@eN&g - to the horn at a first position along the |ongitudinal axis:
and 155a bondi ng tool mounted to the horn at a second position along the

| ongi t tdi nal axis spaced fromthe first position; wherein the horn has a
substanti g1y A ibandingaapparatis- asctlaineal ireagg ore af theamrectdiay dlainm, t hogonal
to the longitudinal axis, the ultrasonic transducer further conprising a
clanp that¥ egelndhe; yiiasaric SF‘V?O'S&DJ%EUE%t%%ﬁm'ﬁQSB'H?‘P& vigratianaglgng g

posi tions tﬂ\é’B@élﬁﬁloﬁ‘\Wpﬁﬂcﬁffbﬁ Bevike'id bifé&ions paralle! to the longitudinal axis.

10 8. An ultrasonic transducer comprising:
a horn having a longitudinal axis;
a mounting barrel coupled to the horn;
an ultrasonic driver coupled to the horn at a first position along the
longitudinal axis; and
15 a bonding tool mounted to the horn at a second position along the
longitudinal axis spaced from the first position;
wherein the hormn has a substantially triangular cross-sectional area on a
plane that is orthogonal to the longitudinal axis,
the uitrasonic transducer further comprising a clamp that is configured to
20 clamp the mounting barrel at clamping positions located away from the vertices
of the triangular cross-sectional area such that each clamping position is

generally aligned with a side of the triangie.

9. An oscillation amplification device comprising:
25 a horn having a longitudinal axis;
an oscillation generation portion of the horn at a first position of the horn
along the longitudinal axis for coupling an ultrasonic driver; and
a bonding portion of the horn at a second position of the horn along the
longitudinal axis for mounting a bonding tool, the second position being spaced
30  from the first position;



of the triangul ar cross-sectional area such that each clanping position is
generally aligned with a side of the triangle. 9. An oscillation
anplification device conprising: 25 a horn having a |longitudinal axis; an
oscillation generation portion of the horn at a first position of the horn
al ong the longitudinal axis for coupling an ultrasonic driver; and a bondi ng
portion of the horn at a second positigg-of the horn along the | ongitudinal
axis for mounting a bonding tool, the second position being spaced 30 from
the first position; -13- wherein the horn has a substantially triangular
cross-sect i onalwhkeretn the borpl kaseatsulistantially trizngolal cross-sétionahgigaudn mal axi s,

cl anp t he PIBtR 31" afBaPnaltodRe fomieal & G Boinfi batel Bt Be
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position is enerally gned with a sid he triang
positions located away from the vertices of the trianguiar cross—sectlonal area

5 such that each clamping position is generally aligned with a side of the triangle.



