1 BONDI NG APPARATUS COVPRI SI NG | MPROVED OSCI LLATI ON AVPLI FI CATION DEVICE 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 ¢ bonding apparatus. 10 Background and Prior Art Bonding apparatus,
such as those used in the sem conductor ;assenbly industry, commonly rely on
ultrasonic energy for bonding electri cally conductive wire to 15 electri cal
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 crBONDING APPARASUSHOMPRISING at ed a rmounting
barrel 104 consisti 1 M transducer 100.
O her conventional & s : ; 2 s that have
general ly rectangul ar cross- sectl ons. UItrasonl c energy is produced by
driving neans, which may conprise an ultrasonic driver 108 coupled to the
horn b sd?jeidiofdhéﬂn\tmfﬁimaen 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 conpressed together using an axi al boIt (not shown) under high
torque. A p of

t he horn%mgtaagéﬁgg&%tﬁe]agﬁo |ﬁ§‘ﬁ£)g% ty%% awa I?romtﬁtﬂ‘?‘flfgﬂ(le:&gttl(?'l(')n of

t he ul t r alovidec sdch vas al@ern 30r transmitting energy generated from a driver to a

bonding site, and in particular, to an ultrasonic bonding apparatus.
10
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 hollow 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.

30



During operation, a set of piezoelectric discs conprised in the ultrasonic
driver 108 is subjected to an alternating electrical signal which 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_pequired before the wave is passed to
t he bondi ng tool such as the capillary 106. The horn 102 is usually
constructed with a decreasing cross-sectional area along 10 the axis of the

transduceDukig dperatien, hhsetinibzaelgcttio disds)@omiphicad IRithe /IMaSDNic diiver | S
transmtted causes the capillary 106 to oscillate parallel to the
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conventional ultrasonic transducer 10 has a generally circular
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resonance {¢gri ng operation. It is hence held at node |ocations by using a

thin web of material 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
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desire to
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 horn 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. It 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 horn 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 horns 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



30 further inprove the performance 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

t hus an object of the invention to seek to provide an ultrasonic transducer
with an inproved anplification device that is suitable for use in the
propagation of wultrasonic energy in apgultrasonic transducer. 10 According
to a first aspect of the invention, there is provided a bondi ng apparat us
conprising: an oscillation anplification device having a |ongitudinal axis;
an ul t r assRillatehyi efficieney et ahtplifioatiors harfitensticanst e ¢insaiceewt dgeat a
first position along the |ongitudinal axis; and a bonding tool nounted to

t he osci | I@pillary 186l i ficati on device at a second position along the

| ongi tudi nal axis spaced from 15 the first position; wherein the oscillation
anplification device has a substantially triangular cross-sectional area on
a pl ane tRimhfarebf eoewahtiéore t he [ ongi tudi nal axis. According to a second
aspect of the invention, there is provided an ultrasonic 20 transducer
conpri 8 ng: a horn having a longitudinal axis; an ultrasonic driver coupled

tool mountbl s 3 sk Wbk BuRiCish sFet 85 Py Frushgierieh fuen <
spaced f rwith i émproveld draplifidation devidedthat ishsiitableforase dn S ptopaigatibh Yof
triangul ar cross- sectional area on a plane that is orthogonal to the

| ongi t udi nHiraspnie energyAp@sy Wiragonie teansHUeRr. aspect of the invention, there is
provided an oscillation anplification device conprising: a horn having a
| ongi tudi nal axis; an oscillation generation portion at a first position of

the hdon Acvogdihgao lacfirgt aspskiot af thxinvehtion, there is provided a bonding apparatus

comprising: an oscillation amplification 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
15 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 ultrasonic
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 horn 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 plane 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 longitudinal axis for
coupling ah 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



coupling an ultrasonic driver; and a bonding portion at a second position of
the 30 horn along the longitudinal axis that is spaced fromthe first
position for mounting -4- a bonding tool; wherein the horn has a
substantially triangul ar cross-sectional area on a plane that is orthogonal
to the longitudinal axis. It would be convenient hereinafter to describe the
invention in greater detail by 5 refergnce to the acconpanyi ng draw ngs
which illustrate one enbodi nent of the invention. The particularity of the
drawi ngs and the related description is not to be wunderstood as superseding
t he gener & iboyding toot;, Wheesin itdeidrhi ites aosutsstaimtizdly ﬂri@nﬁmdrcmowsdctﬁdmd by
the clains. 10 Brief Description of the Draw ngs Exanples of preferred
enbodi nentdeaonzhpiansdhat isorthegenabiathgdangifudinali@xis.i nvention will now be
described with reference to the acconpanying drawings, in which: 15 FIG |
is a side view of an ultrasonic transducer of the prior art; FIG 2 is an

i sometri ¢ |viveuldbeatbriviehlert hiereinaftentsldeseritis thay ihveation il dréater depdiEbgr r ed
enbodi nent of the invention; 20 FIG 3 is a side view of the ultrasonic
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g 10 a'second préeferred

enmbodi nentur@ferétbedi ay estipersedify Gheb generality df theeiredd tidentifidatianoof ¢he
t ransducer, accor di ng to the second preferred enbodi nent, | ooking along the
e

| ongi t udi riayenfionaasdefingd by the ¢laRs- 30 direction Bin FIG 4;

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;



-5- FIG 6 is a graph showing a conparison between ultrasonic vibration
anplitudes obtained when operating a conventional transducer according to
FIG | as conpared to an ultrasonic transducer according to FIG 2; and 5
FIG 7 is a graph showi ng a conpari son between inpedance vari ati ons when
operating a conventional transducer according to FIG 1 as conpared to an
ul trasoni c transducer according to FIG. 52 Detailed Description of the
Preferred Enbodi nents of the Invention 10 FIG 2 is an isonmetric view of a
bondi ng apparatus such as an ultrasonic transducer 10 according to a first

pref erred RIG @lisregtaph stidwing v etinparisorl betweer uARBONE VibendaLaaplitldes
conprises an oscillation anplification device in the form of a horn 12

havi ng a Idf@neddwhen ereratipdr al cenvengopal tiapsduery areerdinhdol et A as 15
t he horn . [ . ' esh 12 and may be in
the form@© p:lérﬁgﬂﬁtquqg’g??é{ﬂg&(aﬁéﬂiéé%ﬂoér)c%%&@ﬂﬂgé FLGFI' %’s%iq(fl ation generation
portion at a first position of the horn 12 along the |ongitudinal axis for

coupling an ultrasonic driver. This first position is 20 pr_ef_erablz at one
end of St hdlferhisia giapheshowingta Lomnarisen helwees impedancecvanationsewhent r ont
plate 20 : : Wosgle [ ARY: 18 i I eg to
transmt o cf?ﬁ"ﬁflo%r()?%%rrﬁgﬁ)% a%gﬁéé{ %?ﬁ'lgﬁgd& Iant;'dlliaréesitcloo s'%%lr+ |$ré| to
t he | ongi tmﬁégt&iicmhsduéﬁia'ﬁherdm%to ERGa2so has a bonding portion as a second
position of the horn 12 along the longitudinal axis spaced fromthe first
position for mounting a bonding tool. A bonding tool such as a capillary 16
| s att achqgofod pdsPrifiion HANRGSRdFed EnHRimS AR ANl Br ef erably at
an opposit IZ—to tihe ur trasonrc —art ver . 30

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 ultrasonic 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 parallel

to the longitudinal axis.

25 The homn 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



-6- As can be seen fromFIG 2, the horn 12 has a generally triangul ar
cross-section on a plane that is orthogonal to the |ongitudinal axis of the
transducer 10. The triangular cross-section has three vertices, with one
vertex 13 oriented 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 ag.isosceles triangle and nore
preferably, the triangle is an equilateral triangle. FIG 3 is a side view
of the ultrasonic transducer 10 according to the first 10 preferred

enbodi nentAs tawberseenl feorg FIGe 2, mhbﬂﬂilzihiaséa('gen@“elly darigular drdséisestion
direction Ain FIG 2. This view shows a slit 24 forned at the tip of the

horn 12 t &N aci@Rethrtis arwgensl fa ma/lomltuwﬁha&@rpftth@ tfﬁ'fpﬁqvpefﬁg hbhe 12 is

present ed S i c [ h ch as
triangul artﬁ%?glﬁgﬁaé‘?g% S?Lér'%rll h%%p E?\t Q/{eﬁtc%% ﬁg ﬁ%&%ﬁ %a?g, tag

possi bl e. subetantiay lin ¢t $draeyditéctioh Psathd onemaﬂom@hthetbamlléﬂ?e 18.it 24,
the slit 24 is closed onto the capillary 16 and tightened with a screw 26

to seclr e ktheselosei theasgidy geftex p%dfefa@ng ther kongdingi s\fasger retarablyrtie 3
50°70 1 o e s hIgPcater bkl dg Hite prdfertlthel tiandlel SRPBIheRESU0C

and 28c itfamglef er ably cl anpi ng the nount i ng barrel avvay fromthe vertices
of the triangle, such that each clanping position is generally aligned with
a side of the triangle. 25 Preferably, the clanping positions 28a-c are

| ocat ed at e
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that d0e Frefened wimbodimert, %Mg allony théd dorizitudinal lakis loarthélhiirntﬁz ffrioeén
| ongi tudi nal axis of _the transducer 10. Ther ef ore, the barrel 14 Eé?(; erably

has a t ot &lirestiorAdndr G2 nEhip yiey showsiasslik 2Aderend at the B (of the hem
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 horn 12 are also possible. Once the
15 capillary 16 is placed in position within the slit 24, the slit 24 is closed onto the
capillary 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, 28¢c
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 ultrasonic driver 18 from the barrel-clamping

arrangement to be reduced. An advantage of this clamping arrangement is to



30 transfer to the horn 12 and ultrasonic driver 18 fromthe barrel-cl anping
arrangenent to be reduced. An advantage of this clanping arrangenent is to
-7- serve to reduce the inpedance changes of the transducer 10 observed

bet ween cl anped and uncl anped states of the transducer 10. FIG 4 is an
isonetric view of an ultrasonic transducer 10' according to a second 5
preferred enbodi ment of the invention. _%he set-up of this ultrasonic
transducer 10" is simlar to that of the ultrasonic transducer 10 of the
first enmbodinment. It conprises a horn 12 extending froman ultrasonic

driver 18 sﬁ%“t@?edlﬁfé’%ﬁnﬂ)edfah@étcrﬁhgw of hé@ fdnadiiasrk1 P bBéérvéd betweas end
of the horn 12, and a capillary 16 aftached to a tip of the horn 12 at an

opposi t e eHampediand unalamped stalesiohthectransdusedilOf er ence bet ween the first
and second preferred enbodinents is that a vertex 13 of the triangular
cross-section of the horn 12 is oriented in an opposite direction as

conpar ed tEG. aeisUr RBAREHOVieW of Bf ultrdddni@frdindducefcror adtdvding to hRecead d
vertex 13 is facing away from a bondi ng surface. Instead, a side of the 15

tri angbe iprefextschgmbledirnenidofntesiovention. Fhe. set-upsofathis ulirasosie wansducer

ul trasonic,4,r.ansducer 10' ording to.the .seco eferred, enbodi ment,
ooki ng. a Bhds GEaiR; AT HEF Abrif tangaiEin 1 of ibg fFSt SinBarasE fin' ri G
4. 1t shovgpripriddyl 8hop?Sli2t éXBAJIAGHTEMOAh LRRSERIEHVET PBseBliredObdtvde a |
attaching the ultrasonic transducer 10' to a bond head (not shown). Simlar

to the firfeantplatecG andenback ptate 22 at ore end afithehore 42, andaargapilapo$dt i on
28a, 28b a 8¢ .S .preferabl |l i,gned with a si f 1 triangle of the
horn 12. a&gacc Pgitﬂ&@fO{tﬁg%réﬁ%ﬂ%%%@qq'tgn@@%%?'gq}%ogishi fted fromthat
of thqqofirst preferred enbodi mrent because the orientation of the vertices
of the triangular 25 cross-section of the horn has changed. Simlar to the

previ ous droweverethe difigsencs hefwean thesfinst end segand praferashembedireentstial  of
six cl anpitﬂgt O\i/er?%ei’ 1§Viothhé\@ﬁangular 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 horn 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 28c¢ 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 pérformed 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



cl anpi ng points at each clanping position. In tests perforned on both the
transducers 10, 10' according to the preferred 30 enbodi nents of the
invention, the first preferred enbodi nrent was found to present greater
stiffness and m nimal inpedance change due to strain during -8- bonding as
conpared to the second preferred enbodi nent, although both show simlar
performance characteristics in other regpects. Thus, the first enbodi nent

is preferred over the second enbodi ment, although both nmay be inplenented. 5
FIG 6 is a graph showing a conparison between ultrasonic vibration

anpl i t udepon@irigeas edmpacsd &P tedbeEshd prtaied idnsbsdimeh@naithetgh bth shdw
circular cross-section 100 according to FIG 1 as compared to an ultrasonic
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anplitude of an ult rasonl c transducer 10 with a triangular cross-sectioned
horn 12 according to the first preferred enbodi mrent of the invention. The
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X2 corresponds to t osition of the capillary. At point x2, which is the
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di spl acenent using the new transducer 10 is about four tines or nore as

conpar ed triangwar erpssrsesetionad hormal2 aceerding:tor thedist prefierred eahadimesbal ¢
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 longitudinal
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 ultrasonic
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



transducer 10 according to the first preferred enbodi nent of the invention
is 25 nore effective than the conventional transducer 100 for welding wre
to bonding surfaces. FIG 7 is a graph showi ng a conpari son between

i npedance vari ations when operating a conventional transducer 100 according
to FIG 1 as conpared to an 30 ultrasonic transducer according to FIG 2. A
first graph 34 shows inpedance variatiogs of the ultrasonic transducer 100
of the prior art when it is operated at a -9- selected range of frequencies.
A second graph 36 shows inpedance variations of the ultrasonic transducer

10 accor digefedted rangd of frequertiesr ol seadmw gr@ﬁ 3eistiows impetiamgenairiations t he
sane sel ected range of frequencies. frequency f2 (about 137 kHz), the
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of a transducer, the operational frequency of the transducer can be
nodified since it relates to the Ienlgth of the transducer and the 10 speed
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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 Dbefore 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



required to nove the transducers during bonding. They al so have better
ultrasonic anplification characteristics as conpared to conventi onal
ultrasonic transducers that have horns with circul ar or rectangul ar
cross-sections. The 25 increase in ultrasonic vibration anplitude at the
capillary tip fromthe sane notor source is significant conpared to the
conventional design. Besides a reductioqgin overall inpedance of the
transducer conpared to conventional transducers resulting in nore
efficiency, the inpedance change 30 before and after clanping is mninal

so that thpet ugélsanhernscanthf trierigular RP0SS-Seutions] ¢niehrble8y lawskr nghwdirtedody of
the hom 12 dynam cally nore rigid through -10- the use of horns with

tri angul arvieia§ens a4 dh¢ dipsof the G@apllank<!6 durng bondinatererations.afushemere,he tip

of the Caghg#raée/tolé £ s ‘PQH\'eﬂﬂoRé’c?%ﬁ%Ht%aﬁFﬁrﬁo?ﬁﬁ@ﬁﬁm 'a”tr@hgﬁfarto

obtain th or erren i"oned” advant ages horn aving a

Cross- sectdrogs-sectior idi hbt ccuifftcultomnmafnafaounre amd/or machinee. IIttcamnbée 5
manuf act ured, for exanple, by mlllnathe horn 12 at three angles to forma
triang® armapeiastused; fqneéampl% bye millingtthgohernod2oat thigernangled do fopmsa t he
i nvention i n i syst ho n

di fficul tytﬁgﬁga%e&p%%gﬁ?ﬁ egﬁlrgkggﬁte%%¢g)fsﬁ§c§§?m% t;ﬁh\‘fgr ::Hzi?l ons,

modi fi cat iipventiord/nedy bi;i(imblemént@dhen existing ssrlisg esyisterngl withelets andbed and
it is to be understood that the invention Includes all such variations,

modi fi cat idiSUBMA/ or additions which fall within the spirit and scope of

t he above description. -11- CLAIMS: 1. A bonding apparatus conprising: an
oscillation anplification device having a longitudinal axis; 5 an ultrasonic
dri vertOc oufHee thvientibh elessdbéd dierein isngusceplitié itornvatiations, miodifichtiorsd and/or

additions other than those specifically described and it is to be understood that the
invention includes all such variations, modifications and/or additions which fall
within the spirit and scope of the above description.



position along the |ongitudinal axis; and a bonding tool nmounted to the
oscillation anplification device at a second position along the

| ongi tudi nal axis spaced fromthe first position; wherein the oscillation
anplification device has a substantially triangular 10 cross-sectional area
on a plane that is orthogonal to the longitudinal axis. 2. A bonding
apparatus as clainmed in claim1l, whereipqthe triangular cross- sectional
area has a vertex that is oriented in substantially the direction as the
orientation of the bonding tool. 15 3. A bonding apparatus as clained in
claiml1l orCcAMI® 2, wherein the triangular cross-sectional area has a
vertex that 1s oriented in substantially an opposite direction as conpared
to the orientation of the bonding tool. 20 4. A bonding apparatus as cl ai ned
in any oney of t/&'%oﬂﬁfﬁ e%;ﬂﬂaﬁjlsadd?ﬁp isi ,\‘@er ein the shape of the triangular
cross-secti‘onal "area I'Ses an 1sosceles triangle. 5. A bonding

apparatus as clai ﬁg@lllatmmémpnﬁehtldmmmam? aHengitudinalhexis;25 tri angul ar
cross-sectional area conprises an equilateral triangle. 6. A bondi ng
appar adus as claﬂ HiE@SPRicHRves roupted Wéhﬁr%lﬁ“ﬁg %ﬂﬁ'iﬂ?@tlon idevicedat Tiest

nount i ng r'QBHB tﬁglérﬁjthpﬁla?ﬁ fslg {jl on anplifier and a clanp that is
C

configure arre at cl anping positions | ocated away

from 30 the veré b@ﬁdmgftobhmonhtetnwtwosu'mwnsamphﬁumubnaimesatb selsahdeach
clanping position is generally aligned with a vertex of the triangle. -12-

7. A bondiRRfitigipaleagiae gmgtmgm?éaanacsdrﬁ%n thehBrst PASEBBh ¢l anpi ng
position is | Oc\gﬁé’féﬁihé"&s@ﬂgﬁ&%'aﬁlﬁkéﬂlm dUGRECRaL Y SsthhfidllyArishbhRes ©f

the triangle.
10 cross-sectional area on a plane that is orthogonal to the longitudinal axis.

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

15
3. A bonding apparatus as claimed in claim 1 or claim 2, wherein the
triangular cross-sectional area has a vertex that is oriented in substantially an
opposite direction as compared to the orientation of the bonding tool.

20 4. A bonding apparatus as claimed in any one of the preceding claims,

wherein the shape of the triangular cross-sectional area comprises an isosceles

triangle.

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

25 triangular cross-sectional area comprises an equilateral triangle.

6. A bonding apparatus as claimed in any one of the preceding claims,
including a mounting barrel coupled to the oscillation amplifier and a clamp that is
configured to clamp the mounting barrel at clamping positions located away from

30 the vertices of the triangular cross-sectional area such that each clamping
position is generally aligned with a vertex of the triangle.



8. A bonding apparatus as clainmed in claim6 or claim?7, wherein each

cl anpi ng position conprises two clanping points that are aligned with each
other parallel to the longitudinal axis of the oscillation anplification
device. 10 9. A bonding apparatus as clained in any one of the preceding
clainms, wherein the ultrasonic driver is configured to transmt oscillatory
vibration along the oscillation anplifization device in directions paralle
to the longitudinal axis. 10. An ultrasonic transducer conprising: 15 a
horn having a | ongitudinal axis; an ultrasonic driver coupled to the horn at
a first position along the |ongitudinal axis; and a bonding tool nounted to
the horn at a second position along the ongi tudi nal axis spaced fromthe
first posifion;A2PngiRg arparaltishapnclaiBed, iBuplairn®i avheretry ieaghurlamping

xis, 1r. menn F el 3 o BRBRRIOT cHacBg Bredt o G BAR

| ongi t udi ndan@si S; 25 an oscillation generation portion at a first position
of the _horn along the |longitudinal axis for coupling an ultrasonic driver;
and a Ponding portion at a second position of the horn along the

| ongi t udi nal [ [ ed f h £ St ~pOSifionof N, | a
bondi ng t%l ; %eb?)é‘}d% ﬁgiﬁgér%ﬁgh%s C@@&ﬁsﬁa&'ﬂ'@l ?y&tspfalérﬁg& g\{he@fﬁ Eb&g

cr oss- sectdanpinggiasiticmcempaseptvad elantpsihg pdints thxgrealighed With éaurgbthetli nal
axi s.

parallel to the longitudinal axis of the oscillation amplification device.

10 9. A bonding apparatus as claimed in any one of the preceding claims,
wherein the ultrasonic driver is configured to transmit oscillatory vibration along

the oscillation amplification device in directions parallel to the longitudinal axis.

10.  An ultrasonic transducer comprising:
15 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 horn at a second position along the
longitudinal axis spaced from the first position;
20 wherein the horn has a substantially triangular cross-sectional area on a

plane that is orthogonal to the longitudinal axis.

11.  An oscillation amplification device comprising:
a horn having a longitudinal axis;
25 an oscillation generation portion at a first position of the horn along the
longitudinal axis for coupling an ultrasonic driver; and
a bonding portion at a second position of the horn along the longitudinal
axis that is spaced from the first position for mounting a bonding tool;
wherein the horn has a substantially triangular cross-sectional area on a

30 plane that is orthogonal to the longitudinal axis.





