-1- TRANSDUCER AND METHOD FOR MOUNTI NG THE SAME Field of the Invention 5
The invention relates to a transducer tool, and in particular to nounting
the transducer tool to a nmachine, such as a bondi ng machi ne. Background and
Prior Art 10 In the assenbly of sem conductor devices, many el ectrical

I nterconnections d fornmed on the integ‘r1a’ted circuits are made with

t hernosonic bonding. It is known in the art that the thernosonic bondi ng
process used in wire bonding of electronic devices utilizes an ultrasonic
transducer for providing ultrasonic 15 vibrational energy to fine wires of
el ectrically conduTRANSDIGERWANDIMETHODFORMOUMNENG THESAMEcopper or gol d
wires, thereby bonding themonto the bond pads of a die or a substrate by
mutual friction between the surfaces. FIG 1 is a sectional side view of a
transducer 1@Gk|@bf tHeelnRéhtion art. The 20 transducer 100 conprises a horn 102
having a main body for transm ssion of ultrasonic energy including a solid
cylindri céal portion 104. An ultrasonic generator 112, which conprises a
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t hr eaded hol gh o'b?r%'gldgts re(?)é]tgégﬁgadgéﬁst e rso i,darﬂi;ﬁ Pﬁﬁ'lra P%glt&ggorl{n!ﬁggq%A The
ul trasoni ¢ gdrapsducer tadidowi machine,sudh astecbargling machineer 100 with ul trasonic
bondi ng energy when it is energized during the bonding process. The horn
102 further conprises a frusto-conical portion 106 that extends from the
solid cyli ndrBagkgrowadtandPrid?Arend converges towards a distal tip 108 at the
30 end of the horn 102. A bonding tool, such as a capillary 110, is attached
to a hol d% ornmed near to the tip 108, and the capillary 110 is arranged

or t hogonal 1'y | {tRe 1H38emBRObE SeHRBhd@tbE deficdd) Ay Blebflial HierceAmddtionsy 110
has a hole extending centrally through its body for receiving fine bonding
wres used dommedyonithe integrated circuits are made with thermosonic bonding. It is

known in the art that the thermosonic bonding process used in wire bonding of

electronic devices utilizes an ultrasonic transducer for providing ultrasonic
15 vibrational energy to fine wires of electrically conductive bonding materials,
such as aluminum, copper or gold wires, thereby bonding them onto the bond

i pads of a die or a substrate by mutual friction between the surfaces.

FIG. 1 is a sectional side view of a transducer 100 of the prior art. The
20 transducer 100 comprises a horn 102 having a main body for transmission of
ultrasonic energy including a solid cylindrical portion 104. An ultrasonic
generator 112, which comprises a piezoelectric motor, is attached to one end
of the horn 102 through a threaded hole formed at one end of the solid

-
:

cylindrical portion 104. The ultrasonic generator 112 will provide the
25 transducer 100 with ultrasonic bonding energy when it is energized during the
bonding process.

The horn 102 further comprises a frusto-conical portion 106 that extends from
the solid cylindrical portion 104 and converges towards a distal tip 108 at the

30 end of the horn 102. A bonding tool, such as a capillary 110, is attached to a
hole formed near to the tip 108, and the capillary 110 is arranged orthogonally
to the longitudinal axis of the horn 102. The capillary 110 has a hole
extending centrally through its body for receiving fine bonding wires used
during wire bonding.



-2- When ultrasonic energy is supplied, it will be transmtted fromthe
ultrasonic generator 112 to the horn 102, through the capillary 110, and
eventually to the tip of the capillary 110. The tip of the capillary 110

w Il thereby oscillate in 5 accordance wWth a characteristic frequency and
correspondi ng anplitude of wvibration. nce, the wire at the tip of the
capillary 110 may be ultrasonically welded onto a bond pad on a die or a
substrate when the wire is pressed against the bond pad by the capillary
110. 10 The ultrasonic energy generated by the ultrasonic generator 112 wl|
excite the tWheRralitasonicoenesay s sueplied, itayil ibedtransmitted, dronyine itragemiai ¢

vi bration al i kW&l ' rans hi ts
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110 is preferably disposed at anti-npodal gosmions 122, 132 of the standing

wavef or ms. THveldéd ogfo ankond pad i astie OR@ pighstrate WheRdlhe Witk i$ RSSBdde of
ul trasonic vi ' ' kyum A hol di ng portion 114 of the
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transducer 10 ransducer is clanped by a bond head is
preferably di sposed at nodal positions 124 of the standing wavefornms where
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rel ocates the capiTlary 110 for perform n% bond ~ pl acement at different bond
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respectively. In order to deliver a maximum amplitude of ultrasonic vibration

for the bonding process, the tip of the capillary 110 is preferably disposed at

anti-nodal positions 122, 132 of the standing waveforms. This is at the tip 108

of the horn 102 where the amplitude of ultrasonic vibration 120, 130 is
20 maximum.

A holding portion 114 of the transducer 100 where the transducer 100 is
( clamped by a bond head is preferably disposed at nodal positions 124 of the
standing waveforms where there is a minimum amplitude of ultrasonic
25 vibration. At such locations, the ultrasonic vibration is ideally zero, so that the
transmission of ultrasonic energy out of the horn 102 through the holding
portion 114, and hence ultrasonic energy losses through the transducer

holder of the bond head supporting the transducer 100 is minimal.

30 However, the transducer 100 is in continual motion during the bonding
operation when the bond head relocates the capillary 110 for performing bond
placement at different bond pad locations. Therefore, the transducer 100 is

subjected to low cycle fluctuating forces in transverse directions with respect



-3- to the longitudinal axis of the transducer 100. This will adversely
affect its rigidity, and in particular its dynamc rigidity, and hence the
bonding quality. Various transducer nmounting nethods have been inplemented
in the prior art 5 to mnimze the |oss,of ultrasonic energy transmtted

t hrough the nounting attachment of the“transducer 100. In a single nodal
nDunt approach illustrated in US patent nunmber 5,603,445 entitled

"Utrasonic g %(hgﬁ@dma%dsH%%ﬁ@dudemro@vem@tmn ;advBfsdly aﬂé@lufser is
desi gned to generat st andi ng wave congfal si ng one wavel ength and a

nount i ng br ataidity.jandiio p@ﬁmu!ardﬁwnamlcanm@ Bngwnpeﬂw bending Aualify. a d| stance
of % wavel ength froman anti-nodal position of the transducer at which a
capillary is disposed. It should be understood that by having the hol ding
portion 114 Wrubh@tramdudeng\ouhtmghmthmﬂssmm&drbamtimdlmnauddlin ﬂtesplﬁdrcant 124 of

the ultrasonic waveform connecti on bet n ortion 114

and the hor ntoFINGNER, e Eﬁessa%f \::I"ﬁﬁﬁo%lg ensLay; tspasm eahtbfo%g}qe hﬁog‘g ﬁ

ul trasoni c eggaghmémt’ efdhe t fignstdst 1100, bihagksihgles naual mcid. agproddie ot her

hand, a very thin single nodal hol di n% portion 114 on the transducer 100 of
t

the prior ar ﬂlurstgatgériarumatgmt pyraben §t603:445 @nt'tl??n'yﬁ’%s‘?ﬂ'@vﬁ'ﬁ yponder
Alternativel %én?l I éé?qﬁ-lprm (}Qpﬁg sHh é%sfsr&é ?eﬂ%Fa?é‘t number

6, 719, 183 entl ransducer an paratu e Sanme"
attenpts to staadingnavaveneooiprising abevwanelangtbneddpaomo&mﬁn@yblpacbetl 8 ng at
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vi bration of ghtifodhrgismibncstthe ﬁth&hatth&thﬂWsﬁnsﬂ&bdl ng t he

tgfansducer 100 at two positions may produce a nore rigidly nounted
transducer, one of the constraints in this dual 30 nodal nount approach is

Lhat Lhe 1 ARSghuugvd Bt kil AeSiGRIG pih 1A 0nd anaRgY, o,
anpl i tudes obragket sisposed \at thetriodsl anthlom384apfdhg ultrasonic waveform, the
15 connection between the holding portion 114 and the horn 102 should be as
thin as possible so that the loss of ultrasonic energy through the mounting
bracket is minimized. On the other hand, a very thin single nodal holding
portion 114 on the transducer 100 of the prior art is generally at the cost of its
dynamic rigidity.
20
Alternatively, a dual nodal mount approach illustrated in US patent number
6,719,183 entitled “Transducer and a Bonding Apparatus Using the Same”
( attempts to overcome some of the above-mentioned problems by providing at
least two holding portions on the mounting bracket such that locations of the
25 multiple holding portions correspond to the nodes of ultrasonic vibration of the
transducer.

Although this approach of holding the transducer 100 at two positions may
produce a more rigidly mounted transducer, one of the constraints in this dual
30 nodal mount approach is that the transducer is only operable in a single
ultrasonic frequency mode. Contrast this to FIG. 2, where the graph shows
different variations in the amplitudes of ultrasonic vibration 120, 130 along the
transducer 100 of the prior art when ultrasonic energy is generated at
frequencies of 97 kHz and 138 kHz respectively. Due to the differences in the



transducer 100 of the prior art when ultrasonic energy is generated at
frequencies of 97 kHz and 138 kHz respectively. Due to the differences in
the -4- wavel engths for different operating frequencies, ultrasonic energy
generated at an operating frequency of 4,97 kHz is such that the arrangenent
of the nodes 124 and the anti-nodes 122 on the standi ng waveform 120 may
substantially differ fromthe arrangenent of the nodes 124 and the

anti -nodes 1gdveélengthe for amr&ttr@émmy‘ faéqnehatésf mtrasbhrca@mgyc generagd
generated at an operat uency o erefore, tg(gq hol di ng
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transm ssion to the bond head because the, holdin r i ons are no | n er
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two di fferengoﬁﬂéﬁé oP@SddcoRl optratihgPRéduenel dhay RBE éénh&@efv(nﬁﬂth%'ﬂ‘éhhé he dual
nodal nount approach constrains the transducer to be operable in only a

singl e ul trasfmeibald fiee opreatingifreqrencyiatibe seper lapation of the haldingpartiensent
operati n? equenC| es to be used with the transducer for different

bondi ng ng rements. Therefore, it would be advantageous to avoi d sone of
the aforesaid disadvantages of the prior art by having a transducer that is
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i nprove dynamc rigidity, but may also allow 30 the operation of the

transducer athe \AﬁﬁC@f‘drrﬁpéfaé'BGr HeaHeneYr cafudiEasopic energy is lost through
15 transmission to the bond head because the holding portions are no longer

located at the nodal positions. Hence, by fixing the holding portions 114 at
two different nodal positions at a particular operating frequency, the dual
nodal mount approach constrains the transducer to be operable in only a
single ultrasonic frequency. It would be desirable to permit different operating
20 frequencies to be used with the transducer for different bonding requirements.

Therefore, it would be advantageous to avoid some of the aforesaid
( disadvantages of the prior art by having a transducer that is operable at two ol
more operating frequencies, and yet has high dynamic rigidity.
25
Summary of the Invention

It is thus an object of the invention to seek to provide a support for a
transducer that not only serves to improve dynamic rigidity, but may also allow
30 the operation of the transducer at two or more operating frequencies.

Accordingly, the invention provides a transducer comprising: a horn having a
longitudinal axis; a bonding tool attached to the horn; an ultrasonic generator
attached to the horn and spaced from the bonding tool along the longitudinal



Accordingly, the invention provides a transducer conprising: a horn having a
| ongi tudi nal axis; a bonding tool attached to the horn; an ultrasonic
generator attached to the horn and spaced fromthe bonding tool along the

| ongi tudi nal -5- axis of the horn; and g flexure attached to the horn

bet ween t he bonding tool and the ultrasonic generator for supporting the
horn whereby to increase its dynamc rigidity in directions transverse to

the 1 ongi tudig@l ofthé hor®, drd wnbkuﬂaeatfaanwm e hdrAl Betweem &id sandiﬁ‘g%fddl be the
invention in greater detail by reference to the acconpanying draw ngs. The

parti cul ari t @ngrtheHatraganig agaeratardfor Feppasting ﬂua berscwhenreby fojircraage it® be
under st ood asdggymf @G}g‘y‘gﬁie ity |09§H§ﬁ§)fb§e\éto%?Hé"@lt%lﬂgpa)héjem' fication of the

i nvention as I'ne scription of the Draw ngs
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schematic front Vi respec rans ucer accor
preferred enbodi nent of the invention; 25 FIG 4 is an isonetric view of

t he trans%uc .according t tBe referred enbodinent of the invention

i ncl udi ng %% M@Mﬁe&ﬁ&?—%ﬁ%; FIG 5is an isonetric view of the
transducer according to FIG 4 that has 30 been nounted onto a bond head;
FVYGS. 6A and 6B are plan views of different designs of flexural springs that

are appl i cadr@mries elppraratusangd Meteds frdpountingraiirarsduger MagspEtaBee ed
enbodi MeNt  \ith the invention will now be described with reference to the accompanying

drawings, in which:
15

FIG. 1 is a sectional side view of a transducer of the prior art;

FIG. 2 is a graph showing the varying amplitudes of ultrasonic vibration along
the length of the transducer of the prior art when ultrasonic vibrational energy
20 is generated at frequencies of 97 kHz and 138 kHz respectively;

FIGs. 3A and 3B are a schematic side view and a schematic front view
( respectively of a transducer according to the preferred embodiment of the
invention;
25
FIG. 4 is an isometric view of the transducer according to the preferred
embodiment of the invention including a circular flexural spring;

FIG. 5 is an isometric view of the transducer according to FIG. 4 that has
30 been mounted onto a bond head;

FIGs. 6A and 6B are plan views of different designs of flexural springs that are
applicable for supporting a transducer according to the preferred embodiment
of the invention;



of the invention; -6- FIG 7 is a schematic illustration of how an anplitude
of oscillation of a transducer according to the invention nay be neasured
and controlled inreal time by utilizing a laser vibronmeter; 5 FIG 8 is a
schematic illustration of how an anplityde of oscillation of a transducer
according to the invention nmay be neasured and controlled in real tine
utilizing mcro-strain sensors; 10 FIG 9A is a plan view of a fl exural
spring mounted with mcro-strain sensors; and FIG 9B is a sectional view
of a portion of the flexural spring nounted with mcro-strain sensors when
| ooki ng al on§1®hd isi Aeschemalic Wysiratign of; Bowean ; Jraplitude; of i grglighionfofiae
preferred e g{&tr | ] ' i | ¥ re
referred tomtg@q'fe'l e rz}aﬁ?é@érfdgf&%%ﬁn&gﬁ ﬁ%ﬁ@dﬁ%@ég%@g ésﬁgjhdédndéﬁ"g@éﬁ ﬂeeaii vi ew and
a schematic fimenby uviilizing 2 @seevipearétesl y of a transducer 10 according to the
preferred.enbodi nent of the invention. The transducer 10 conprises a horn
12 which Ras a longitudinal axis and a cylindrical main body for

transm ssi on RIG. @ is assdhiematieeliigstratibheohtow a2 ardplitude | of desillation| of da

cylindrical body 14, which substantially contributes to, th stiffness of
the hor n 12. URRSENG SEHANG DrfBe RNsion s b MeARkedl 351KLSRIRIUER i B3t or f or

generating Qﬂrﬁé@ﬁﬂﬁmP%F%P@-EGXinis%n§6r%?V‘ed onto one end of the horn 12 through
a threaded 30 hole forned at an end of the solid cylindrical body 14. The

ultrasonic generator 22 will provide the transducer 10 with ultrasonic
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(
FIG. 9B is a sectional view of a portion of the flexural spring mounted with
micro-strain sensors when looking along the line A-A of FIG. 9A.
15

Detailed description of the preferred embodiment

Referring to the drawings in which like parts are referred to by like numerals,
FIGs. 3A and 3B are a schematic side view and a schematic front view
20 respectively of a transducer 10 according to the preferred embodiment of the

invention.

( The transducer 10 comprises a horn 12 which has a longitudinal axis and a
cylindrical main body for transmission of ultrasonic energy. The horn 12
25 includes a solid cylindrical body 14, which substantially contributes to the

stiffness of the horn 12.

An ultrasonic generator 22 comprising a piezoelectric motor for generating
ultrasonic energy is screwed onto one end of the horn 12 through a threaded
30 hole formed at an end of the solid cylindrical body 14. The ultrasonic
generator 22 will provide the transducer 10 with ultrasonic bonding energy
when it is energized. The ultrasonic energy generated will excite the

transducer 10 such that a varying amplitude of ultrasonic vibration along the



| ongi tudi nal axis (Y-axis) of the transducer 10 exhibits characteristics of
a standing waveform The horn 12 further conprises a frusto-conical portion
16 which extends from 5 the solid cylindrical body 14 and converges towards
a distal tip 18 at the end of the horn 42. The convergence is such as to
anplify the anplitude of vibration at the tip 18 of the horn 12 to a
desired magni tude when ultrasonic energy is applied to the horn 12 by the

ul trasoni c gedwyiidinal 2is {P-akisplof the teardutéredo edhibitsScinpadtetistiest 6fpa 18 of
the horn 12 that .is oriented orthogonally to the longitudinal axis (Y-axis)

of the horn FR@NAMEWAVEROfBY hole 19 is preferably located at an anti-nodal
position of an ultrasonic standing waveform generated by the ultrasonic
generator 22 along the longitudinal axis of the horn 12 so that a maxi mum
anpl i t ude of The:hersotd %lrthebc@mpmemyrug@-comcaﬂ@prtmr‘tﬁjwatchtmermssfrqmon of
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energy that ighed@nR'aHpRed td i@ AdiR 12!Hy A UttBonkyimerdtef 222 and transmtted
to the tip of the capillary 20 is not absorbed by the material. The

capillary 20 conprises a hole centrally extending through its body for

recei Vi NG | halb 6% ST GP ML 1! edPHB 618 AR AP THELR oriRegonper or

gold wire.” The er conprises 'a hold 4 that 1's spaced
fromthe ul tdrﬁmgnnallygtmthealbngltmm'ﬁx«s hbbxishgf 1lhled1tga 124 The sliteteboled to a

ckanpin or on2 a nth ofma reI f or unt.ing the
R g er 61 pfetera P lokBlan ol B A R B 5 ?%‘BH?&"F;‘o?‘PPB‘ngs the
hol di ng fl angﬁave?dmﬁ?dnéﬂétbdw fhellatra%hn@genérhmlzaldldn% |f|fdﬁh’§l axisi ngl e
pi ece of materi al npi ng portion 23 nmay al so be in f orm of

flange mount sofdRediin g s thatea ma)ﬂmmoﬁmelﬂp%@é Uﬁéﬂsﬁéwlbtﬁt'af‘ may PRe
longi tudiqml @fiSredlatthé pb&itioh fthe dtted hole 19.

A bonding tool, in the form of a capillary 20, is attached to the horn 12 at the
position of the slitted hole 19. A screw 21 is fitted across a slit opening
extending from the slitted hole 19 for securing the capillary 20 when the screw
20 21 is tightened to close the slit opening. The screw 21 is made of soft
material so that the ultrasonic energy that is generated from the ultrasonic
generator 22 and transmitted to the tip of the capillary 20 is not absorbed by
(' the material. The capillary 20 comprises a hole centrally extending through its
body for receiving fine wires of conductive material, such as aluminum,
25 copper or gold wire.

The horn 12 further comprises a holding flange 24 that is spaced from the
ultrasonic generator 22. The holding flange 24 is connected to a clamping
portion 23, typically in the form of a barrel, for mounting the transducer 10
30 onto a bond head (not shown). The clamping portion 23, the holding flange
24 and the horn 12 may be integrally formed from a single piece of material.
The clamping portion 23 may also be in the form of flange mounts extending

outwardly in directions perpendicular to the longitudinal axis of the horn 12.



Such flange mounts would typically include a plurality of nmounting holes for
nmounti ng the transducer 10 onto the bond head. The holding flange 24 is
preferably | ocated at a nodal position of the ultrasonic 5 standing
wavef orm where there is a mininmum anplitude of ultrasonic vibration. As the
anplitude of ultrasonic vibration gener‘aﬁ'ed in the horn 12 is ideally zero
at the nodal position, ultrasonic energy transmtted through the hol ding

fl ange 24 an W‘%iﬂ@ | ' A d head

i s reduced. (ngq'ﬁ%ﬁﬁé?nﬁ%%ﬁtgur er&dggal r'ﬁgggé% @Pfgﬂlt}fgf @Sgﬂﬁ%gegssﬁgxur al
spring 26, mawihgdhe transduset 4@ onta the boindit@adni ¢ generator 22 and t he
capillary 20 whereby to increase the dynamc rigidity of the transducer 10.
FIG 4 is an isonetric view of a transducer 10 according to the preferred

embodi ment ofThé%holdieg flangsn24 ispreferhbidilctated af 4 nodalpokition wf e wirassrgc 26. The
flexural spring 26 is confi urﬁ%ﬁt 0 have a rel aﬁ,i vely | ow axi al Ft | ffness
in di rect Pon$tansing wayefopn where thergis & minimun ampligide;df alltrasoRiciyoration.

Y-di rection) AsihaCe&mpladb W @Rirag8nis Vibratiis§endthledh thaendmeraiigtidealty i ng 26
to flex nore easily In the axial direction] the rrountlngg@gm nt 28 of the

flexural sprizat abthennedal pesition2 ulliaispnicrenesg transipitted thraughetha dwiding ng t o
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spring 26 isigmucgdred to have a relatively high radial stiffness in
directioqg transverse to the longitudinal axis of the horn 12 (in the
X-directi'®dn and Z-direction) for supporting the horn 12 in the transverse

directions. Z%el Rofr 42r firthefDebthprided bl Aadirél sGéH 1430 a2flexdrlie spaid 262 IS
preferably made from two separate conmponents that are nade to sandw ch the

fl'exural spriatigehed toi §rhatweamctheaylsaneniegererafer 22 @adnivencapitaniodd may
ol s oo S Rl e ARl Y RS BnBRT R O L O3,
t he | ongi t udiisorhetdc rvima iobra transdueenn yacopriirapteethenpeferretembotimend ofii ¢
f requencyéssi Qﬁee ir%vré%tigr? 'i'nrl:tldd?rgg Igoc;irrc]:hla%é?lexural spring 26. The flexural spring 26 is
configured to have a relatively low axial stiffness in directions parallel to the
longitudinal axis of the horn 12 (the Y-direction). Since the low axial stiffness
allows the flexural spring 26 to flex more easily in the axial direction, the
mounting point 28 of the flexural spring 26 on the horn 12 will therefore
20 oscillate according to the ultrasonic vibration and not affect the transmission
of ultrasonic energy along the Y-direction of the horn 12. Conversely, the
flexural spring 26 is configured to have a relatively high radial stiffness in
(‘\ directions transverse to the longitudinal axis of the horn 12 (in the X-direction
and Z-direction) for supporting the horn 12 in the transverse directions.
25
In order to mount the flexural spring 26, the horn 12 is preferably made from
two separate components that are made to sandwich the flexural spring 26

tightly when assembled. Other attachment methods may also be used.

30 Accordingly, the flexural spring 26 acts as an additional radial support for the
horn 12, but will not constrain the transducer 10 in the longitudinal direction to
be only operable in a single ultrasonic frequency since the mounting point 28
of the flexural spring 26 is not limited to nodal locations of a particular

frequency on the horn 12. Nevertheless, in one preferred embodiment of the



of the flexural spring 26 is not limted to nodal |ocations of a particular
frequency on the horn 12. Neverthel ess, in one preferred enbodi nent of the
-9- invention, the flexural spring 26 is |located at a nodal position of a
standing waveformrepresenting the ultrasonic vibration generated along the
| ongi tudi nal axis of the horn 12. The poftions of the horn 12 adjacent to
the nounting point 28 nay be allowed to oscillate notw thstanding the

addi tional 5 iﬁwgigp,t the TISxuUrBPEHCES isLRcateRPSY 4 ¢ddRY pbéifiort bEuUtahdiRgT | N 26

i's, therefore, e to operate I'n two or nore ultrasonic frequency nodes.
The hol di ng fwavefemp4rgpreséntinge the tulfeasonicr adratien ggeaetated angaythel so be
made as thin 'R%ﬁ&i , n i t et 10
requi renents I&?ﬂ' i glI %%‘FyOﬁEéP‘%g'gB% ﬁfhe![ ﬁ@?ﬁ%ﬁgtmh%sgﬁgnﬁo?a‘gﬁému ttﬁgsoni C
ener gy transnmbbmetihgt poiotu28 ndyebé allowed) td bacilipte Zviwithstarding ¢hé additiodal ough t he
head js furt r adi al

cl anping portion 23_and the bon r mninzed.. A hi
stiffnessdn %"ﬁ’@oai EE%?@"SSB‘?‘?% ?@%ounﬁatbgntf‘ﬁgfﬁwr%&%?g%%n@’ m‘?ég%'ﬁi horn 12
and thereby raeltespdrate ihtWwboY Micie uRfeSbhicdtdq@Bngphigdsby any |ow cycle
fluctuating forces during novenment of the horn 12. Thus, the transverse

di spl acenent of the tip of the capillary 20 with respect to the | ongitudinal

xS O ine HhERaiGEfankt sARaAmRK Bkl Alorid Sehaaar’s Hidhi 416 Bndi no

operations nay be m i m ence ondi ng quality may
i nproved. FI Gnadeias thiniasopessible, \altbougit nbhdessr thanddoe inGordecto aneed to FI G
4 that h been. nount

d onto a_bond, head 32. The transd r 10 is nounted
onto a |t iangaauErmHDE R Haa s CBRRBAR: Prdrremissen e MR R ortaeteal e he
cl anpi ng 25 peadsniifled thAdughhehd rividing Ciingé02a) aind Aeftalriast throagh the
Ci(r cunferential ly arrange cont actm:gm nts on the barrel. The transducer
hol der 34 is ¢lampingrposiamué and the benhenashig fuythel minimiggthce, the transducer 10
I's driven by the bond head 32 to nove during the bondi ng operation. 30
Preferably, a plurality of flexure supports 30 extend fromthe bond head 32
paral l el to tAehiglomgdiausiiffressanithediexurat spong 262 stibstantinliyt ¢ongtraine theexur al
SPTINY 45  hom 12 and thereby reduces its transverse oscillation caused by any low
cycle fluctuating forces during movement of the horn 12. Thus, the transverse
displacement of the tip of the capillary 20 with respect to the longitudinal axis
of the transducer 10 caused by motion of the horn 12 during bonding
operations may be minimized, and hence the bonding quality may be

20 improved.

FIG. 5 is an isometric view of the transducer 10 according to FIG. 4 that has
( been mounted onto a bond head 32. The transducer 10 is mounted onto a
transducer holder 34 such that the transducer holder 34 clamps the clamping
25 portion 23 of the transducer 10 along a plurality of circumferentially arranged
contact points on the barrel. The transducer holder 34 is in turn attached to
the bond head 32. Hence, the transducer 10 is driven by the bond head 32 to
move during the bonding operation.

30 Preferably, a plurality of flexure supports 30 extend from the bond head 32
parallel to the longitudinal axis of the horn 12 for mounting the flexural spring
26 onto the bond head 32. Since the flexural spring 26 is positionable at any
location along the Y-direction of the horn 12, the flexure supports 30 may
extend further towards the tip 18 of the horn 12 if the mounting point 28 is



26 onto the bond head 32. Since the flexural spring 26 is positionable at
any location along the Y-direction of the horn 12, the flexure supports 30
may extend further towards the tip 18 of the horn 12 if the nounting point
28 is -10- noved closer to the tip 18 fqp maxim zing its support function
and increasing the dynamc rigidity of 'the transducer 10. The transducer 10
may further conprise one or nore additional flexural 5 springs 26 disposed

a1 ong the | ongiveuliped; @ha 18 BE BfiRizfto M LB IunclaR bt Sseghyech the

ul trasoni c generator 22 and ary or furt er enhancing the
dynami c ri gi dhe dyrdmichrigidityofdbritransdu@er #0.di recti ons transverse to the

| ongi tudinal axis of the horn 12. The nultiple flexural springs 26 may be
nounted to different sections of the horn 12 as well as to correspondi ng 10
sections of tTe thasdideedd Imawrfmmrpwhpmé@nesunImdrbaaddmmmafreauaallI

oriented parallel to the X-Z plane. theb oper th

ul trasoni @ gSREPGE oés shenoged| algag u‘ﬁ?r ggsm’ inalo AU oo r‘W]r}%ﬁ" vity Al alﬁjﬁféa"t
transmtted f;fo%mohb%euhééraﬁ@numag&n@paﬁ@rrat&&z gnd bR Blellhr%JZ@ foR furirfgr ough the
capillary 20, and eventual he capill ar 0. The tip of the

capi | | ary 20 enhancingdhedynapici rlglcatyeofuthe Hrensdurend e "D\nd!fﬁC@f@HmE@féﬁlt@t ic
d d
frequency and, cold pq‘?tﬁﬁﬂ%ﬂbgg o?rfﬂ?é bBH] Oﬁrhlé'rhﬁlﬁ#nie%urég%gﬂ %%Ng Jggﬁgt Sa dagn

the tip of the 'ca rasonl ca

a die or a smbmtedttte different hsectmrrseof $heplhessdd agaweﬂsas ttbecdwmspomadg by the
20 capill 20 an a di.fferent desi of

fl exulroal y C;thezé‘gngeﬂaslﬁg?(lére %lﬂ Etﬁﬁal% tr@ﬁﬁ'ﬁ%\f areng' Qr'?'%ﬁasducer
10 accordi ng [Sé?a“é??otﬂér lagsl enbodi ment of the i nvention. The flexural
springs 26a, 26b, which 25 conprise a |ow axial stiffness and a high radi al
stiffness, are configured such that they are flexi ble in the axial

dynam o ri g Y heRidhda Sodalion. e MERUIR. Seerditp B surpli LREANE 11,
to provide | eserdy, rvd'nemwl beJtrahsmamdrfrmn rhlm ultnasomc generator 22 to the horn
15 12, through the capillary 20, and eventually to the tip of the capillary 20. The
tip of the capillary 20 will thereby oscillate in accordance with a characteristic
frequency and corresponding amplitude of vibration. Hence, wire located at
the tip of the capillary 20 may be ultrasonically welded onto a bond pad on a
die or a substrate when the wire is pressed against the bond pad by the
20 capillary 20.

FiGs. 6A and 6B are plan views of different designs of flexural springs 26a,
(’ 26b that are applicable for supporting a transducer 10 according to the
preferred embodiment of the invention. The flexural springs 26a, 26b, which
25 comprise a low axial stiffness and a high radial stiffness, are configured such
that they are flexible in the axial direction, and they are also able to
adequately support and improve the dynamic rigidity of the transducer 10 in
the radial direction. These help to provide less hindrance to ultrasonic motion,
especially under dual frequency modes of operation, and a higher radial
30 resistance to bond tip oscillation during low frequency vibration caused by
motion of the horn 12 attached to the bond head 32.

Each flexural spring 26a, 26b may be formed of a cutout profile from a sheet
of flexible material. FIGs. 6A and 6B show two cutout shapes of the flexural



especi ally under dual frequency nodes of operation, and a higher radial 30
resi stance to bond tip oscillation during | ow frequency vi bration caused by
notion of the horn 12 attached to the bond head 32. Each flexural spring
26a, 26b may be fornmed of a cutout protHHq froma sheet of flexible
material. FIGs. 6A and 6B show two cut out shapes of the flexural -11-
springs 26 that are applicable to the transducer 10. FIG 6A is a flexural

Spring 26a CQERpgsi2edinat Rirdrapplitabl@fto Sh@ttfanddacet 1@NIad. ®A 1she k@Rl of
flexural material. The thin'strips of flexible material that surround the

slots 27a al Ispying 26@ comising a plyralityoDeatst2y afareanged amibeshiegt offlexu@ i on. n
t he ot her ha e ' ' | a
plurality of %Fg%f 13?]% (k)rﬁ@(§Erﬁ4§7(§%eg%é@?ﬁ%héggﬁgbgtpggogﬁgwexuraI
spring 26b suhé fiekaal sheng 26a tosflexi ipthefaxfdl direblian. minethieadthehband, g¢ha&i n from
t he cutout arge radial.l roj.ecting r the centre of. the flexural spring
26b. The %I ef@?‘%\rla?s?BF'P&J%b : ,W@%Fléhﬁcanwgsﬁ%éi @H?&tysﬂﬁﬁ.rqq{a(fm?%ﬁy have
profiles thata7ef fepioved Pymathieahatetial bNeesfiekranspringRer sttt thd ittih ness.
Therefore, the flexural springs 26 are also preferably constructed thin so

that they hawdrins poflexRieamatarial thatsemaim flenythe eulgubpre radiallyepijecting

t hi ckness of I ' keSri ra ; o]

0. 15mm 151 {19 the (PR of il Rbat Sorifd 26, “Fnd fRRLIF SBrings 97000

fl exural sprishguliche desigpedsath that theydwave profiles thatoffer a lowadxiahpliffiiegs Thi s

generates, | ocal, t erat.ure,.difference In,.the formof a r re
gr adi ent ,1Ot haqndd@pﬁﬁgs racﬁﬁl §pfg1qsgcaﬁﬂ§{q§grgs qh%v@)@?ﬂn?rmg(?pégﬁgsg% t he
flexural spripreferdbly Boastructsdahint su thayrthel have reow agial stiffreds dridohighand

causes energy djssjpation from20 the flexural spri 26. The ener
dﬁssi pation déB@hﬂ%fP'}ﬁ?Fel-Eh%W'qkﬁﬁsﬁ H&hﬁ[ﬂe"Hﬁaéﬁﬁﬂﬁ%ggqﬁPbﬁf@ yeEetH’ﬁgx

thi ckness of §h&ndh 8 @mmpPring 26. Thus, it is preferable to choose a

t hi ckness of tﬁenﬁ]exuralmspri ng 26 such that the loss coefficient (rl) is
smal| at the operating frequency (co) of the application so that the

vibrati o1 o e Jaed ¥ abgit B Belpeta’ o' S5 SR R S 2e 08 oume
density generally stressed non-uniformly and rapidly.  This generates local
temperature differences, in the form of a temperature gradient, that depends
on the local stress levels and properties of the flexural spring 26. The
temperature gradient results in heat flow and causes energy dissipation from
20 the flexural spring 26. The energy dissipation depends purely on the thermo-
mechanical properties and thickness of the flexural spring 26. Thus, it is
preferable to choose a thickness of the flexural spring 26 such that the loss
(’ coefficient (n) is small at the operating frequency (o) of the application so that
the dampening energy (0.5no*%®), where x is the ultrasonic amplitude of
25  vibration, is minimized. To get a small n, one should take into account density
(p), conductivity (K), thermal expansion (a), elastic modulus (E) of the material
and specific heat (Cp). The flexural spring 26 is therefore preferably
constructed such that the elasto thermodynamic dampening is minimal so that
the energy dissipated is also minimized.
30
The energy consumed by the flexural spring 26 during the axial vibration is
computable and is approximately equal to 0.5kx?, where k is the axial stiffness

and x is the ultrasonic amplitude. For example, at an uitrasonic amplitude of



(p), conductivity (K), thermal expansion (a), elastic nodulus (E) of the
material and specific heat (Cp). The flexural spring 26 is therefore
preferably constructed such that the elasto thernodynam c danpening is
mnimal so that the energy dissipated h al so mnimzed. 30 The energy
consunmed by the flexural spring 26 duri %'the axial vibration is conputable
and is approximately equal to 0.5kx2, where k is the axial stiffness and x

is the U'”aaaq.io&i Qixﬁ,gﬁeanfggaa%aﬁms@ isah tRE &gg agpmygﬁ;mni]%@él%e of -12-

approxi matel y Im an stiffness is in the or there is
m ni mal ener gynidiad Eneedy dissipalien.axThe azial sfiffress off thehftiexuralxspring 2pis ng 26 i s

f dtobeb 1 d, 500 dth dial .stiff. '
Dt of or ably _BETAREH (66 beRuEelnsg apr 0 AT Ahd Tt Gl sihass S REelsbi e
fl exural sprbegveth 500 AMe300GRNGNCcer 10 of the preferred enbodi nent of the

I nvention_was positioned at approximately 18mm fromthe hol ding flange 24
towards tPe tip of the horn 12. The deflection of the tip 18 of the

transducer 10, wit §e‘?1!f§ I ' Hary ] 01 1 ucer 10
was neasur ed%a\réllg %&rﬁgg‘%@g&w t ’[}ﬁgtf%gg}agl%gpi rzegéﬂtﬁtegganis Sger fgﬁhen bot h
wer e under goiprefetred emnbodiréntrofihe inventiercwas positionad aff approxipatelx il fane| y

147m s2. Experingntal, ,data sho, t hat .when e transgducer orgding to
t he pref erregmgﬂﬁlf“dﬁ?rlgwg ngﬁ%f?%% it%%ﬁeve?irt}é%bg{ne?g“t e eaé‘&legﬁéq 8Ei mat el y
147m s2, thethd fiplfB of thdaransaicastut® withOreapéstrtai the loagitutiinal ldxid oY éid i on was

defl ected by approximately 2. 71.Lmw th respect to its |longitudipal axis. On
the ot hedOhat@nsdpees 10nuasmegsurgdand eafapared r‘"'tbdfja\/\%@ P%\%’c%? Hﬁﬁ?‘&?eét

appr oxi mat el ¥o§4\7h)ﬁfeﬁ2b%ﬁ1h%véré puﬁé@g&bgt ifeal " RBHEH Cfith 140 a\@@neréiﬁinl geted by

aSJpr oxi mat el Om wi t resg ct to”l ' ongi tudi nal axis. Thus, the
t "

ansducer 1@pprdnalelygl4tmishe Expefimental databaiwwednthabwhendne raesducen 20
FFansducer 100, xR Tl B GireRriad Bk b Bt g ERIBT WA dcBolehdedat o 2t
rigidity. approximately 147m/s? the tip 18 of the transducer 10 according to the

15 invention was deflected by approximately 2.7um with respect to its
longitudinal axis. On the other hand, when the prior art transducer 100 was
accelerated at approximately 147m/s? the tip 108 of the transducer 100 was
deflected by approximately 3.9um with respect to its longitudinal axis. Thus,
the transducer 10 according to the preferred embodiment of the invention

20 appeared to have a lower deflection amplitude as compared to the prior art
transducer 100, and therefore, appeared to have an improved dynamic rigidity.

( In another experimental setup, the mechanical resonant frequency (2000 Hz)
of the transducer was determined when a maximum amplitude of vibration

25 was obtained at the tip of the transducer. In this experiment setup, a
transducer 10 according to the preferred embodiment of the invention having

a flexural spring 26 with a radial stiffness of 1500N/mm was positioned at

approximately 18mm from the flange 24 of the transducer 10. Its resonant

frequency was computed and compared with that of a prior art transducer 100.

30 Experimental data showed that the transducer 10 according to the invention

has a resonant frequency of approximately 1500 Hz. On the other hand, the

prior art transducer 100 was found to have a resonant frequency of

approximately 1250 Hz. It is desirable to have a higher resonant frequency so



I n anot her experinental setup, the nechanical resonant frequency (2000 Hz)
of the transducer was determ ned when a nmaxi mum anplitude of vibration 25
was obtained at the tip of the transducer. In this experinent setup, a
transducer 10 according to the pref erreﬁi enbodi ment of the invention having
a flexural spring 26 with a radial stif $éss of 1500N nm was posi ti oned at
approximately 18mm fromthe flange 24 of the transducer 10. Its resonant

frequency wag, OImUIrs Fer OB SsvdptiBiel BtnoRde froRi iafr uﬁﬂésﬁab@“&m’cer 100.

30 Experinmenta data showed that the transducer 10 according to
i nvention héequenes wibeationf sajcnasichoas hgirtansmilted py rpotiorHef th@wb@wb ot her

hand, the ﬁ{;‘lﬁgfiy 1§.g%Fq_§r%d:J& ?’aﬁ%dﬂ@ér ffﬁmglcﬁt??dln&v ay eesiﬂgéﬂfonfr quency

of appr oxi I'rabl e to havea hig resonan
frequency so adi@ntagbads adit htas artigheraesorsant frequencycept i bI e to noi se from an
undesi rable low frequency vibration source, such as that transmtted by
moti on of ®the bond head. Therefore, the transducer 10 according to the

i nvention isAeaNhd@ntate dF thé thmsdacdl 8htie bRsTeRedterhbEAIMRREYf the Anot her
advant age of the transducer of the preferred enbodi ment of the inventionis

that an osci linentien igethetiranngseilationemeaguning ﬂﬁ&'@ﬁp@ﬁfhtb@d"\'c@mm@!@ﬂeﬁom ning an

anpl i tude of c@férﬂlu}an% %@la?l?;gﬂ%ogx%gﬁwé% Rlof fHY é}graquhﬁ? DB redi! M

during operation o cer 'S |n or mat power fed to

10 the ul tradiome durgugmperatmsn aéPthedransducer|110aNith this imdonmation, aO\detsfedemI
anplitud ration ic Lllustratio hqw an

anpl i tudgoof tB%é’ [qsg{qcoq{ane@ Oﬁggr'ﬁﬁgﬁﬁ@gﬁ f? %I‘@HB?'BI%SG%'E?%@PI'W&?? i on nmay
be measured agutafiéiit FEb.! B aisBhérfalic filsPatin oftHdw ah REnpludRS6f ddoifation

mvgasurl ng device in the formof a non- contact |aser vibroneter 32 When t he

fllexural spriai@ tansdycey Hhagrosding ta the ipventionnay be measkred and eRelled ocat i on,
the fl I I I
vl o o T REMHnZByhbing ) leon’ RORAR] dbich i AL ihekd

| exural spring 26 to
bend and shi faontaet ladert vibroetepi3@ne Whenthe flexurapispeing 2o plaged atha

anpl i tude150f I(‘J’(':a {O%t 6t?1er (t)IIIar% rt‘l?e fnlo A rlo%latlgr?,r {h%gflez)g.lrglssgﬁr?gs lirfie\glill oscillate
together with the longitudinal vibration of the transducer 10. This will cause
the flexural spring 26 to bend and shift out of the X-Z plane from its original
position. The amplitude of vibration of the flexural spring 26 is measured

using the laser vibrometer 32.

20

In FIG. 7, the laser vibrometer 32 is incorporated with an analyzer 36 and a
computer 38 for measuring the variation of the amplitude of deflection of the
( flexural spring 26 at the position which the laser vibrometer 32 is aiming at.
During thermosonic bonding, a gold ball at the capillary bonding tip of the
25 transducer 10 is oscillated under pressure on the bond pad so as to bond the
gold ball, and a constant amplitude of oscillation is required at the bonding tip.
The amplitude of oscillation of the bonding tip in the longitudinal direction is
relative to an amplitude of oscillation on the flexural spring 26 in the same
direction. Accordingly, the amplitude of oscillation on the bonding tip may be
30 controlled through a closed-loop control system, in which the laser vibrometer
32 measures in real time the amplitude of oscillation of the flexural spring 26
and feeds the captured information to an analyzer 36 and a computer 38 for
processing. Thereafter, the computer 38 may adjust the power of the

ultrasonic generator 22 of the transducer 10 by sending a bias signal to an



using the laser vibroneter 32. 20 In FIG 7, the |laser vibroneter 32 is
I ncorporated with an anal yzer 36 and a conputer 38 for measuring the
variation of the anplitude of deflection of the flexural spring 26 at the

position which the |aser vibronmeter 32 Lg aimng at. During thernosonic
bonding, a gold ball at the capillary bonding tip of the 25 transducer 10 is
oscill ated under pressure on the bond pad so as to bond the gold ball, and
a constant applglifieddrivdlr 425CThé slosed-lddp Esitdl 6pstet cint®idpoWeneditbphe The
anplitude of oscillation of in the longitudinal direction is

| t he bondin tiP )
rel ative to a&Hragepiciganecater 249Ethe f&@m%icern Q gech thak acensiapt amglitide oh t he

sanme directi HSTCie ot i ASdider @bl on on the bondi ng
tip my be Sgggig%troﬁloggé]t drlghgﬁ%a&%st@é&ﬁ%%gac%ﬂ reol bsystem in which the

| aser vibroneter 32 nmeasures in real tinme the anplitude of oscillation of

and a conput &10a8 i SR BERRatcaf 2Rt Sn SHIR B Bedia®R G ) Tt
the power of tidneduddrtiteactvrdingas ati@inventiéh afayt e measoreduart cdftrdligd sendi ng a

bias signal to an -14- anmplifier driver 42. The cl| osed-| oop control system
control s powdealitipe u§lizing an,psqiliatignrearunian Aeyjcerip %F%PHE MAIGRIEAR 10 such

that a const Iyj f lchti@d | i t Sy bt i tip of
the t ransduc%?hi%gPS%Fg%g fileé( G?ss Ei{@%&? pg Fﬁ(%?sfﬂr gﬁk (?Q‘ribgod‘g?rblﬁgev_t%
anpl i tude of nodel Ibtatidno theflexurakspaing 26oxll oscillate dogetherwithy theHengitudingl i on may

b q : | : ey Lo ) ; .
Govi co. 1 s nantafi b Beitihstiloer 71 e MBubb'soliflh 28 AT bBAG s SPIESRE oS04 1O
pl aced at a ItheX-Zqland fiem fitbaoridinat positidal Tioe ddduced stiain hethearfldxusgbr i ng 26

vmgl | oscillate together with the I&n i.tudinal 10 vibration of. the transducer
10. The fl exd®PHNI s%éi'ﬂay\gfee nepsysed (USing) AN (9aygesosuCh RS YIgRGBtEAR £ om

its original Jaashisiga. TH mitracktm{ssidord B2 Oy fiBichllEleoRla pieRi-ted@tivé may be
nmeasured using strain gauges, such as mcro-strain " sensors 52. The
m cro- strai n YNGR BIEZO-GRRACKYR PG | y be of a piezo-resistive type or a
pi ezo- capaci tive type.
FIG. 9A is a plan view of a flexural spring 26 mounted with micro-strain
sensors 52, and FIG. 9B is a sectional view of a portion of the flexural spring
26 mounted with micro-strain sensors 52 when looking along the line A-A of
FIG. 9A. Referring to FIGs. 9A and 9B, the micro-strain sensors 52 are
20 mounted to the front and back of the flexural spring 26 of the transducer 10
along a section thereof that is encountering deflection. The signal from the
micro-strain sensor 52 is electronically amplified by a bridge amplifier 56, and
( fed to a digital signal processor 58. Thereafter, the processed signal is sent
to a computer 38 where the computer 38 may adjust the power fed to the
25 ultrasonic generator 22 of the transducer 10 by sending a bias signal to the
amplifier driver 42. This closed-loop control system is thus able to control
power fed to the ultrasonic generator 22 of the transducer 10 such that a
constant amplitude of oscillation is obtained at the bonding tip of the
transducer 10.
30
The preferred embodiment of the invention demonstrates several advantages
over the prior art by incorporating a flexural spring 26 which has a low axial
stiffness and a high radial stiffness to the transducer 10. The low axial
stiffness enables the flexural spring 26 to be flexible in the axial direction,



15 FIG 9A is a plan view of a flexural spring 26 nmounted with mcro-strain
sensors 52, and FIG 9B is a sectional view of a portion of the flexural
spring 26 nmounted with mcro-strain sensors 52 when | ooking along the line
A-A of FIG 9A Referring to FIGs. 9A gi\gd 9B, the micro-strain sensors 52
are 20 mounted to the front and back of 'the flexural spring 26 of the
transducer 10 along a section thereof that is encountering deflection. The

signal from ;ﬂb@ebgg%iemgté@ gd\?&ewﬁeét’s 6fspo%.t%ﬁrfgome0ﬁéﬂu¥auagmi§bféeﬁqt by a

bridge anpliftier to a digital signal® processor 587 Thereafter,
t he processe@osmgmbthm’ tsamnodallogatinnspeft tbe lwnvﬂierﬁhlmdhe@ﬂldmoérof% may

by’ sendi ng aTrual SPRG 2 ont e alep R 1l FERF GEPRhinet fbarefife SERREC
control syst empayation of alitresdric asnetgyoto tmsomproff the ta:pmdrye 20 foralsardinyg
generator 22 of the transducer 10 such that ?cQ nst

nt .anplitude of
oscillati8n PEGSSEes nAE akestithgdransdycerisng rai sl?ﬁjng%ly OLPG’ab%D The
preferred e et g e uasbihie fﬂe'&\d@ﬁéy %&ﬁ%kéaﬁ@%céﬁum@ab tRlpriterages over

t he prior I'ncorporating a flexural sprin whi ch has a | ow axi al
stiffness an@nd)ddirgmtr@fdhalmmntlbhnestbenefpre loper ydmt@uor tore frRAUEDRY axi al

stiffness en ural spring 26 to be flexible in the axial
di rection, ?@Aaeet%hergbﬁétlog{/m di ng any adverse effects of positioning the

flexural spring 26 at p03|t|ons ot her than nodal |ocations of the horn 12.
Thus, the addition of xura horn 12 w |

mi ni mal  APndMeIeeves, ﬂiehé"an A éﬁf@iﬂgdm gs%%%é’egn%méwwnf I?gehﬂ? p of the

Capl Ilary 20.Mnnamsﬂdsn@nﬁam&p%&srsst.ﬁes@ 'steh| that ti8edyriicdkgiaity i@ not
nstrained to be only operable _in a single ultrasonic frequency. The
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Mor eover, the ansducer ScCord rre manttI of the
Hence, the transducer 10 accordmg to the preferred embodiment of the

15 invention may effectively improve bonding quality. At the same time, the
addition of the flexural springs 26 does not affect the ultrasonic frequency
characteristics of the transducer 10, such that the same ultrasonic driving

frequency may be used.

20 Furthermore, a plurality of flexural springs 26 may be attached along the
longitudinal axis of the horn 12 for further enhancing the transverse rigidity of
the transducer. These may serve to further reduce the lateral and vertical

(" vibration of the transducer during the bonding process, and may thereby
further improve the bonding quality.

25
The invention described herein is susceptible to variations, modifications
and/or addition 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.



i nvention has enhanced radial stiffness, such that its dynamc rigidity is
substantially inproved. This is denonstrated by reduced transverse
oscillation at the tip 18 of the transducer 10 during w re-bondi ng
operations. Hence, the transducer 10 aggording to the preferred embodi ment
of the 15 invention may effectively inprove bonding quality. At the sane
time, the addition of the flexural springs 26 does not affect the
ultrasonic frorqUms:y characteristics of the transducer 10, such that the
sane ultrasonrc driving frequency may be used. 20 Furthernore, a plurality
of flexural springs 26 may be attached along the |ongitudinal axis of the

horn 12 for f1urthgrt{m%,imnjr{f%q:ransverse rigidity of the transducer.

These may serve to further reduce the lateral and vertical vibration of the
transducer duri ngathosn baviog@gopgitusingd axisnd nay thereby further inprove the

bondi ng q§j31l ity. %%%Iam@xg%ﬁgdg%gﬁ#%ﬁd herein is susceptible to

variation nodi fi'ca ot her than those specifically

described and it iad tkrabenic Lyeheratbo@ttathed té the i orandand spaced dides the | such
vari ations, dificatjagns fﬁng/or, ad(iiit,io ich fcf” within the spirit and
scope of t he b9Rding taelaleng thedangitukinal axisoffhe ROMMAARY shsducer conprising: a

horn having a | ong fierirBakttached: to° tie HRY DeawéaP th@l Badiresl téél ame thern; an
ultrasoni c generator attached to the horn and spaced fromthe bonding tool

al ong t he | ondfrasemicgeneratos forf supperting e hara wherely ter inceaasadisedynadnie he hor n
bet ween H@g Qﬁgﬂ{yqﬂ dﬁr88t¥on%’1?an§08rse%Eﬁei‘@ﬂgii&dirgﬂ%ﬁfs?t or for supporting the
y yham C gl di

hor n wher ncrease I'ts ty In directions transverse
to the longitudinal axis. 2. The transducer as clainmed in claim1, wherein
the flexure has a_ rel atigel}/ | ow stiffness. in directi ?ns fParal lel to the
| ongi t udi nal %xi s Theqtransducer as claimed in claim 1, wherein the flexure has a

relatively low stiffness in directions parallel to the longitudinal axis and a

relatively high stiffness in directions transverse to the longitudinal axis.

16
3. The transducer as claimed in claim 2,wherein the flexure is operative to
reduce transverse oscillation caused by low cycle fluctuating forces during

motion of the horn.

20 4. The transducer as claimed in claim 2 or claim 3, wherein the stiffness
of the flexure in directions parallel to the longitudinal axis of the transducer is
10-500 N/m and the stiffness of the flexure in directions transverse to the
( longitudinal axis is 500-3000 kN/m.

25 5, The transducer as claimed in any one of the preceding claims, wherein
the ultrasonic generator is operative to generate ultrasonic vibration along the
longitudinal axis of the horn in the form of a standing waveform, and the
flexure is located at a nodal point of said waveform.

30 6. The transducer as claimed in any one of the preceding claims, wherein
the horn is comprised of separate components and the flexure is sandwiched
between the separate components for attachment to the horn.



relatively high stiffness in directions transverse to the |ongitudinal axis.
15 3. The transducer as clainmed in claim2,wherein the flexure is operative
to reduce transverse oscillation caused by |low cycle fluctuating forces
during notion of the horn. 20 4. The tqansducer as claimed in claim2 or
claim3, wherein the stiffness of the féxure in directions parallel to the
| ongi tudi nal axis of the transducer is 10-500 NNm and the stiffness of the

flexure in dig ect ToRSrsANSUSSQaiied ifiCany! HRUSTHE bRdlediy Saits, WHEretRO0 KN/ m
|¥e of t C

25 5. The transducer as clained In any o e precedi ng ai ns, wherein
t he ul t r asonitbe gliraspnicgeneratopancihomeare copfigured te baloperahde incatueéastdwd on al ong

the | ongitudjnal i s of t reQ. | rmo ) i veform and
the 1@oxur o Ie8opRa ek Modkr phiie OAdhG byduE bRNG Hots “rhe
transducer as clainmed in any one of the preceding clains, wherein the horn
is conprised of separate conponents and the flexure is sandw ched, between
the separ 2 e Q:onpg‘%@ﬁf%"spHFengﬁ ﬁ‘gﬂﬂ.%(ﬂf“ ey PRe °2(§'P?1P’e.-°f¢'-“97‘ga'm§e?‘f’#§ﬁ.sducer
as clai med i nooipristiee flekureh Supp G Extithdil@ifihn  aRInal Read Néh URiERIABI C _
generator and horn are configured to be operable in at |least two wultrasonic
frequency nodensdueeris suppatadfopmeginting e flexerasondi ng tool. 5 8. The
transducer as clainmed in any one of the preceding clains, further

conprising flexure supports extending froma bond head on which the
transducer i S9.supfdetteahstlacemasicitinmegd inhenyf drexofrthe pPecetling tlamms tvheesin as

| ai med i f th i.ng,. cl ai i 10. t fle supports
et ena i it 1B AREUS SHRPAIth K TSP ardlet 48 Ui oBoiyaiealcd e * 167 e
transducer ashgihai ned in any one of the preceding clains, further

cgnprising one or nore additional flexures attached to the horn between the
15 bonding tool and the ultrasonic generator. 11. The transducer as clai ned

In any one ofyq he i eralifigerheicifimediF LAY Bne of the preceding claims, further

comprising one or more additional flexures attached to the horn between the
15 bonding tool and the ultrasonic generator.

11.  The transducer as claimed in any one of the preceding claims, wherein
the flexure is formed from a cutout profile from a sheet of flexible material.

20 12. The transducer as claimed in claim 11, wherein the flexure comprises
strips of flexible material formed from the sheet of flexible material.

< 13. The transducer as claimed in claim 12, wherein the strips of flexible
material project radially from the centre of the flexure.
25
14.  The transducer as claimed in any one of the preceding claims, wherein
the flexure has a thickness of between 0.05mm and 0.15mm.

15.  The transducer as claimed in any one of the preceding claims, further
30 comprising a oscillation measuring device for determining an amplitude of

displacement of the flexure in real time during operation of the transducer.



the flexure is formed froma cutout profile froma sheet of flexible
material. 20 12. The transducer as clainmed in claim1l, wherein the flexure
conprises strips of flexible material formed fromthe sheet of flexible
material. 13. The transducer as clainmed, jn claim12, wherein the strips of
flexible material project radially fronffthe centre of the flexure. 25 14.
The transducer as clainmed in any one of the preceding clains, wherein the
flexure has agthi gkOCRANQIUCRP! 48 ClathddPi 88t 018, 5Wherdin: theh Gstigfisflucer as
clainmed in any one of the preceding clains, turther O conprising a

osci | | ati on measuringgeviee icomprises ddasar vinnomgtesthatrip bpenative & measgiel acenent

of the flexure i i i ation of the transducer. -18- 16. The
t ransducer ag?sg?#hgeﬁk prmég%fi'géﬂ%gé'ei n the oscillation measuring device
conprises a |aser vibroneter that is operative to neasure a displ acenent
anpl i tude_of the tl_l]exure. 5 17. The transducer, as clainmed in claim15 or

cl ai m 16, Swhdrei nTh@etransduces &si Sﬁiméﬂr@ﬁ@ d@/ioéedeimrp"ﬁ s‘@%erslrsﬁh%g n gauge
mounted on t bgcifidtoiBas ity dévicePBingrides e £t%iﬁ%§§§é Protintdd S ifeMedureti N on
the flexure during oscillation for determning the anplitude of

di spl acenent that is hperativ te measore1®) infieed steain wndbe flgxurel duringdscillatiory one of
Fecel ving 1 olistetpHibREtns, SERLIR O B R0 o PEMeS M crent of “the 11 exure
and for controlling an anmount of power fed to the ultrasonic generator.
10 18. The transducer as claimed in any one of claims 15 to 17, further
comprising a closed-loop control system for receiving feedback concerning
( the amplitude of displacement of the flexure and for controlling an amount of

power fed to the ultrasonic generator.



