-1- FLANGE- MOUNTED TRANSDUCER Field of the Invention 5 The invention
relates to a transducer for generating bonding energy to a surface of
interest, such as a bond pad of an electronic device during ultrasonic wire
bondi ng. Background and Prior Art 10 During the production of electronic
devices, there is sonetines a need to npynt an integrated circuit die or
chip onto a carrier. After nounting, electrical connections are made
between the chip and the carrier before the product is nolded into a

sem conduct or package, typi ERANGEMQOUNTEDETRANSDURERIi ng wires. These
bonding wires may be attached to bond pads on the <chip and the carrier
respectively by ultrasonic welding using an ultrasonic transducer. The

ul trasoni c tr gpsduc@e Ihventiphegrated into a wire-bondi ng machine. Since 20
very fine wires and bond pitches are involved, the manner in which the
ultrasonic transducer is nounted to the wi re-bonding nmachine is very
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transducer ch I SE .such as its frequency spectrum characteristics,
may be changegﬁéghﬁpgﬂ§aéﬁFgﬁfing the stability of the transducer.
Furthernore, the inpedance of the transducer may change unpredi ctably,
making it harger to cgntrEL. !herefore, it is inportant to nmount the
ultrasonic t a 9 A8t vibration generated during ultrasonic

bondi ng iggisolated 30 to the transducer itself, and as far as possible,

these vibrations are not transmitted to the rest of the w re-bonding
machi ne. During the production of electronic devices, there is sometimes a need to

mount an integrated circuit die or chip onto a carrier. After mounting,
electrical connections are made between the chip and the carrier before the
product is molded into a semiconductor package, typically by the use of
15 bonding wires. These bonding wires may be attached to bond pads on the
chip and the carrier respectively by ultrasonic welding using an ultrasonic

transducer.

The ultrasonic transducer is integrated into a wire-bonding machine. Since
20 very fine wires and bond pitches are involved, the manner in which the
ultrasonic transducer is mounted to the wire-bonding machine is very
important. For example, if the ultrasonic transducer is mounted such that
vibrations from the transducer are transferred to a mounting bracket,
ultrasonic energy loss can result. If there is excessive vibration, the
25 transducer characteristics, such as its frequency spectrum characteristics,
may be changed, thereby affecting the stability of the transducer.
Furthermore, the impedance of the transducer may change unpredictably,
making it harder to control. Therefore, it is important to mount the ultrasonic
transducer such that vibration generated during ultrasonic bonding is isolated
30 to the transducer itself, and as far as possible, these vibrations are not

transmitted to the rest of the wire-bonding machine.

In the case of a flange-mounted ultrasonic fransducer, one way in which
vibration to the wire-bonding machine can be minimized is disclosed in US



In the case of a flange-nounted ultrasonic transducer, one way in which
vibration to the wire-bondi ng machine can be mnimzed is disclosed in US
-2- patent nunber 6,135,339 for "U trasonic Transducer with a Fl ange for
Mounting on an Utrasonic Wel ding Device, in particular on a Wre Bonder".
This patent teaches locating the flange on_a nodal point of the |ongitudinal
vi bration of the horn, and also formng the flange with a sufficient |length
such 5 as to introduce a nodal point for radial vibration of the horn so as
to locate a patent imgnbaoi 611351;339h&3rsaijlﬂas®dd:aTranedkaderpWithta Flaegel forasoni c
transducer is,, nounted at, the po ons t hese Il al no 0| S so that
vi brations at NHH’BPnQTBUrﬂ’] raﬁBS‘Pt ‘qg“g'dpg"‘?ﬁ’e'nl Qﬁﬂﬁ@ﬂ o3& @Frg %’?fg” t her eby
reducing the Thfsaffﬁiéhtsféla@ﬁbé)focﬁhr@“ #d ﬂéhgé)ohmenwélepmnﬁhm IBRGRidISaIt 0 whi ch
t he transducer 10 is nounted fproblemvvlththls approach rs that the
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nodi fication I's not desirable as nore space i's consequently required in
t he wi r e- bondimoyntieg woind at dhé sait eadidenadat pambnilde vitrassnladensdudasrieas it
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i mpart signi f mpnting i postidnen ate thbeldwwntpdygndmcausetheaéHWQeghm@ethéI ange is
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conai der abl y ARGBISSOAG YRR Roiadhe SErrto T EemACing o wridne tapsducer

effecti vergssis @bufiteg. nethod is reduced. Summary of the Invention 25 It is

t hus an object of the invention to provide a flange-nounted ultrasonic
transducer that minimzes the transm ssion of vibration fromthe ultrasonic
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lengthened in order to establish the said radial nodal point, as recognized in
the patent disclosure itself. This modification is not desirable as more space

15 is consequently required in the wire-bonding machine to locate the ultrasonic
transducer, whereas it would be more desirable to make the components of
the wire-bonding machine as compact as possible. Furthermore, using this
approach still serves to impart significant vibration to the mounting because
although the flange is located at a radial nodal point, the material of the flange

20 s considerably larger than the nodal point itself. As a result, the effectiveness

of the method is reduced.

Summary of the Invention

25 It is thus an object of the invention to provide a flange-mounted ultrasonic
transducer that minimizes the transmission of vibration from the ultrasonic
transducer to the wire-bonding machine to which it is mounted while

overcoming some of the disadvantages of the aforesaid prior art.

30  Accordingly, the invention provides a flange-mounted transducer comprising:
a horn; a driver coupled to the horn for generating an oscillatory energy
supply to the horn; a support structure interface positioned at a node of
longitudinal oscillatory displacement of the transducer, a support structure
spaced from the horn and extending from the support structure interface in a



30 Accordingly, the invention provides a flange-nounted transducer
conprising: a horn; a driver coupled to the horn for generating an
oscillatory energy supply to the horn; a support structure interface
positioned at a node of |ongitudinal oscillatory displacenent of the
transducer; a support structure spaced fgomthe horn and extending fromthe
support structure interface in a -3- direction substantially parallel to a

| ongi tudi nal axis of the horn; and a flange nounted to the support
structure at direciive spbstaatiallyl paratélltbat bngitutina|axteofethe hoof; ardka flapger t

structure. 5 It I nyeni e inatter_t.0 desegribe.the invention in
greater detai mouﬁ&%rtg’ftggesﬁggo'?ghyﬁ@rgggr?ﬁgéﬁ?ﬁaé'glrgﬁ/ﬁ%%&ry\ﬁﬁ‘fp&ceﬁwqrﬁst rate
one enbodi menbf thefsuppert stuetotd. on. The particularity of the drawi ngs and the
rel ated description is not to be understood as superseding the generality
of the broad identification of the invention as defined by the clains. 10
Brief Descsi pitigsu@bet donvERignt R8irfifte xR BBS@ibRT tha illeHigR iNedted aiali r asoni c
transducer in accordance with the invention will now be described with
reference to bhéeelgensapanye agcemeanyirg drawimgs whighiillustrate ape embedimentsonetri ¢

view of atra r ' ; . j t - -
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FI G 1 incl udnoptosbe gnégrbtobt |assdupatseting thegjenedilinadf thedpbadt elwatificatibnt he
transducer al OF i.ts l.ength Fdur'l)n?r}fgge.rati on; and FIG 3 is an enl arged
cross-section& gﬁl'ﬁ‘f?'\"?@ S Sefipgd by @MPart of the 25 transducer in FIG
2, and graphs illustrating radial displacenent of the transducer along its

| engt h during operation. Detailed Description of the Preferred Enbodi nent
Brief Description of the Drawings

i

An example of a flange-mounted ulfrasonic transducer in accordance with the
invention will now be described with reference to the accompanying drawings,
15  in which:

FIG. 1 is an isometric view of a transducer according to the preferred

embodiment of the invention;

20 FIG. 2 is a cross-sectional plan view of the transducer of FIG. 1 including a
graph illustrating longitudinal displacement of the transducer along its length
during operation; and

FIG. 3 is an enlarged cross-sectional plan view of the shaded part of the
25 transducer in FIG. 2, and graphs illustrating radial displacement of the

transducer along its length during operation.

Detailed Description of the Preferred Embodiment

30 FIG. 1is an isometric view of a transducer 10, such as a transducer mounted
onto a wire-bonding machine, according to the preferred embodiment of the
invention. The transducer 10 comprises generally of a harn 12 with a capillary
14 mounted on one end of the transducer 10 using a capillary screw 16. A
driver, which may be in the form of a piezoelectric stack 18, is coupled to the



30 FIG 1 is an isonetric view of a transducer 10, such as a transducer
nmounted onto a w re-bondi ng machi ne, according to the preferred enbodi nent
of the invention. The transducer 10 conprises generally of a horn 12 with a
capillary 14 nounted on one end of the transducer 10 using a capillary
screw 16. A driver, which may be in the.formof a piezoelectric stack 18,
I's coupled to the -4- horn 12 for generating an oscillatory energy supply,
such as ultrasonic energy to the tip of the capillary 14 through the horn
12 during ul thaesdifor yehatating an thaligtoszaergcsuppty, stiak las LBrasenidreneegy t o

vi brate at ultrasonic, {.requenci en n electri,c.current is lied to
I t, causing o@ct]%?lotéﬁ P{)Ipeo?gaq'l??éyﬁr%awg%e el'EPmSHI'HE”'Fﬁ)Phrafgn'f:sw%gﬁﬂt abl e
onto a w re- b piegodieetit eadknt8 isSdriven)to Witkalen@ uldsonit Redihtidsnghdiol es 21
formed on a flaré{gfg 20 coupled tg the horn e nmounting holes 21 may be
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barrel 22 that surrounds a portion of the horn 12 at an area where the
t ransducer 1001 gore Mswintog ks 20 fermedipn @ fangei 2Q) coupletitadhe om 12.is a

cross-sectio Vi frat gr t f FE 1,
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i's nmininmal | oM§FRiN8i nal 20 displ acement, such as at nodal position N1. It
is preferred that the barrel 22 is connected to the horn 12 at a point where
there is mnimal |ongitudinal displacenent, such as at the nodal position

N1, where thElG@ 3is aacressteeciionabplghtvian abithe desmistiiicar dilyfrain g tapesfdnE.
Al though the 1, including a graph 30 illustrating longitudinal displacement (x) of the
15 transducer 10 along its length during operation. At a selected operational
frequency of the transducer 10, a certain profile of vibrational displacement at
each position along the length of the transducer 10 is created. As shown in
FIG. 2, there are certain positions at which longitudinal displacement is
greatest, and other positions at which there is minimal longitudinal

20 displacement, such as at nodal position N1.

It is preferred that the barrel 22 is connected to the horn 12 at a point where
there is minima! longitudinal displacement, such as at the nodal position N1,
where there is a node of longitudinal oscillatory disptacement. Although the
25 barrel 22 is arranged substantially parallel to and surrounds the horn 12 at
other positions along the length of the horn 12, it does not touch the horn 12
at these other positions. It is connected to the horn 12 only at a support
structure or barrel interface of the transducer 10. In fact, by connecting the
barrel 22 to the horn 12 at a longitudinal vibration nodal position N1, the
30 amount of tongitudinal vibration that is transmitted to the barrel 22 is much
reduced. Likewise, since the flange 20 is connected only to the barrel 22 and
is therefore mechanically decoupled from the hom 12, the amount of
longitudinal vibration that can be transmitted to the mounting holes 21 of the
flange 20 at the mounting position is also substantially reduced.



25 barrel 22 is arranged substantially parallel to and surrounds the horn 12
at other positions along the length of the horn 12, it does not touch the
horn 12 at these other positions. It is connected to the horn 12 only at a
support structure or barrel interface of the transducer 10. In fact, by
connecting the barrel 22 to the horn 12sat a |ongitudinal vibration nodal
position N1, the 30 anmount of |ongitudinal vibration that is transmtted to
the barrel 22 is nuch reduced. Likew se, since the flange 20 is connected
only to the bmveshel2ss,aalthougs lofgtudinal eibnatcimaai el moudthoy iholesd21 ram t he horn

mount 1 ng- hol g8 puBranh Friiesh 18 S Pheiantily Pauie Prmpaliks |

subst anti al | yf rfikl Gitatiorbat the wiiuhlied B6les 2al t hough | ongi tudi nal vibration at
t he mounting holes 21 has been substantially reduced, it is also

advant ageous to reduce the magnitude of radial vibration at the nounting

hol es 21. g5 3icl } ' shaded
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Therefore, longitu osciflatron o rr is substanfially
reduced. NevénteHates2d ia lpcaibd| at faomodaldipaint B3 cfdrl wnpibudingl obellatoransducer

10 is differ ed?stplafcre?nrgr{t,tvﬁhgr%gg itl%eerefsp bf tlhgrf)%inlevgﬁ ?sarl'\ot in contact with the horn
15 12, leaving a gap 26 between the barrel 22 and the horn 12 to mechanically
decouple the flange 20 from the horn 12. Therefore, longitudinal oscillation of
the barrel 22 is substantially reduced. Nevertheless, a profile for radial
oscillation of the transducer 10 is different from its profile for longitudinal
oscillation, so that the barrel 22 is still subjected to radial oscillation.
20
Graph 32 shows the radial oscillation displacement y; of a flange 20 on one
side of the transducer 10 and graph 34 shows the radial oscillation
displacement y; of a flange on an opposite side of the transducer 10. Since
these flanges 20 are arranged symmetrically, the profiles of the graphs are
25 also generally symmetrical. From the graphs 32, 34, one notes that there are
two positions along the barrel 22 where there are nodal points N2a, N2b for
radial oscillatory displacement, where there is minimal radial displacement or

oscillation.

30 Itis thus preferred that the flange 20 be mounted onto the barrel 22 at a nodal
point for radial oscillation. Accordingly, the flange interface 28 is focated at
one of the nodal points N2a, N2b. In FIG. 3, the flange 20 and mounting hole
21 are connected to the barrel 22 through the flange interface 28 at nodal
point N2a, although it would be appreciated that the flange 20" and mounting



oscillation, so that the barrel 22 is still subjected to radial oscillation.
20 Graph 32 shows the radial oscillation displacenent yi of a flange 20 on
one side of the transducer 10 and graph 34 shows the radial oscillation

di spl acenent Y2 of a flange on an opposite side of the transducer 10. Since
these flanges 20 are arranged symretricgly, the profiles of the graphs are
25 al so generally symretrical. Fromthe graphs 32, 34, one notes that there
are two positions along the barrel 22 where there are nodal points N2a, N2b

for radial Hgeih! aéspreytmﬁnsnb@d@rmbe sdmRectet Nerthel arrg IP2nad theasthat
di spl acenent or OSC"Lat'ﬁgﬂgBO [t is thus preferred that the f]ange 20 be

mount ed ont d*Q98EPRIRF N2 es o copldi b cerpedtetiptpotgsqdal apinkh.

Accordi ngly, Ngapeth]@p%utharface 28 is located at one of the nodal points
N2a, N2b. In the fllange 20 and mounting hole 21 are connected to
t he barrel 22 thr ough the flange interface 28 at nodal point N2a al t hough

it would ci at 1
respecti eI y cou d&% é%ﬂ%rgé%étg%ﬂgg% ?’t"’?gﬁhoréarrel‘!@%d teﬁe ot hﬁa n2 nodal
poi nt N2b, asn fHeaﬂIw'@e ZDwhek b@tbud)mt;lhdmabandacacﬁal @dcﬂllaturh dispibderaotant s N2a,
N2b for mounti ngg 5 Further, it is preferred that each nounting hole 21 is
posi ti oned ACAPSRTYR- on the flange 20 where both |ongitudinal and

radi al oscillatory displacenments are at a mininmum It would be appreciated
that the barrel 22 should be forned of a sufficient 10 length to |ocate at
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above, this length of material does not run perpendicular to the longitudinal
axis of the transducer 10, but runs parallel to the longitudinat axis of the
15 transducer 10. Furthermore, since the flange 20 is connected through a nodal
point N1 for longitudinal oscillatory displacement, and a nodal point N2a, N2b
for radial osciliatory displacement of the horn 12, any vibration transmitted to
the mounting holes 21 can be substantially decreased without having to
substantially increase the size of the flanges 20 as compared to the prior art.
20 Hence, it would be appreciated that the size of the flange 20 can be designed
so that it is not much larger than the size required for the mounting hole 21,

and this leads to space savings on the wire-bonding machine.

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



15 transducer 10. Furthernore, since the flange 20 is connected through a
nodal point N1 for |ongitudinal oscillatory displacenent, and a nodal point
N2a, N2b for radial oscillatory displacenment of the horn 12, any vibration
transmtted to the nounting holes 21 can be substantially decreased w thout
having to substantially increase the size of the flanges 20 as conpared to
the prior art. 20 Hence, it would be appreciated that the size of the flange
20 can be designed so that it is not mideh |arger than the size required for
the mounting hole 21, and this |eads to space savings on the w re-bonding
machi ne. The_invention described herein is susceptible to variations,

modi ficati ofdAM8I or 25 additions other than those specifically described
and it is to be understood that the invention includes all such variations,
nodi fications and/or additions which fall within the spirit and scope of

t he above ddscri ptflapge-mountett tsanggucer comprisingye- nount ed transducer
conprising: a hgrn. 5 a driver coupled to the horn for generating an
oscillatory energy supply to the horn; a support structure interface
positiongd at a aadeendouptatbiotthdihoed for generating anysdilahaseergnpisuphlyt he
transducer; ,a,s ort structure spaced fromthe horn and extending fromthe
10 support é?”ﬁgﬁﬁpe interface in a direction substantially parallel to a

| ongi tudi nal  axhss@pdrthetri@tife ihtBEass! fiRRiibnsd ratChURGddaif NEngidegt ed to the
horn only at the support structure interface; and a flange nounted to the

support st r Qeeilpter-displacriaentsf thewensdusati | | atory di spl acenent of the
S posi t oned al aroihn T uAi, SPRG ot e hoRF e Bhehding e P o The.
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axis of the horn, the support structure being connected to the horn only at the
support structure interface; and
a flange mounted to the support structure at a node of radial oscillatory
displacement of the support structure, wherein the node of radial oscillatory
15 displacement is positioned along the longitudinal length of the support
structure, the longitudinal length of the support structure being substantiaily
parallel to the longitudinal axis of the horn, and wherein the node of radial
oscillatory displacement is distanced from the support structure interface
along the longitudinal length.
20
2. The flange-mounted transducer as claimed in claim 1, wherein the

support structure comprises a barrel surrounding a portion of the horn.

3. The flange-mounted transducer as claimed in claim 1 or claim 2,
25 wherein the support structure is configured to be of sufficient length to include

more than one node of radial oscillatory displacement.

4. The flange-mounted transducer as claimed in any one of the preceding
claims, wherein the flange includes one or more mounting holes for mounting

30 the transducer.

5. The flange-mounted transducer as claimed in claim 4, wherein each
mounting hole is positioned at a location on the flange where the longitudinal

and radial oscillatory displacements are at a minimum.



parallel to the |longitudinal axis of the horn, and wherein the node of

radial oscillatory displacenent is distanced fromthe support structure
interface along the longitudinal length. 20 2. The fl ange- nount ed
transducer as clainmed in claim1, wherein the support structure conprises a
barrel surrounding a portion of the horn. 3. The flange-nmounted transducer
as clainmed in claiml or claim2, 25 wherein the support structure is
configured to be of sufficient length to8knclude nore than one node of
radi al oscillatory displacenent. 4. The flange-nounted transducer as cl ai ned
in any one of the preceding clains, wherein the flange includes one or nore
nmounti ng holes for nmounting 30 the transducer. 5. The fl ange-nounted
transducer ag cl 'dgqﬁ' i @Qg{ [ ; Nt LSqibosSi tioned
at a locati o?f ona'{ e r?d%n@éght e?r’eant eefgﬁéﬁ?rﬁ ?hﬁwghﬁgﬁg‘%ﬁﬁb%dsl@ |l atory
di spl acenent glams witereinnthaiflange is 8ontectdh éo tHeaagpparbsintcidret atam fldnger as
clainmed in a&¥r§¥§ of the preceding clains, wherein the flange is connected
to the suppo & Pucture at a flange interface. 5 7. The flange-nounted
transduceg as clainmed in claim®6, wherein the flange interface has a
smal | er cross-sectional area along a longitudjnal axis of the transducer

than a body &f thE& flangermopptes treRgduces ageClampt d daimnSaweereindhe| ai med in
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energy to the horn. 9. The flange-nounted transducer as Clained in any one
of the preceliedgpnsduegritban amhedy ohthefl@ngeansducer is nounted to a

W re-bondi ng machi ne. 15

10 8. The flange-mounted transducer as claimed in any one of the preceding

claims, wherein the driver imparts ultrasonic energy to the horn.

9. The flange-mounted transducer as claimed in any one of the preceding
claims, wherein the transducer is mounted to a wire-bonding machine.
15



