-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 nmounat an integrated circuit die or
chip onto a carrier. After nounting, electrical connections are mde
between the chip and the carrier before the roduct is nolded into a

seni conduct or package, typiEbﬁﬂﬁﬁ¥¥ﬂ¥ﬂgﬂﬂllﬂﬁﬁﬁﬂagﬁEﬂhing 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 t rEigkn{dee Invention egrated into a wire-bondi ng machi ne. Since 20
very fine wires and bond pitches are involved, the manner in which the
ultrasonic transducer is nounted to the w re-bondi ng nmachine is very

i mport ant .5 Fofherawgplien refatashéo al travstusec farr gersdtatiregg bosdinguetteegly saich t hat

vibrations fromthe transducer are transferred to unt i ng. bracket,
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transducer chatrasdriic witkiboadinguch as its frequency spectrum characteristics,
may be changed, thereby affecting the stability of the transducer.
Furthernore, the inpedance of the transducer may change unpredi ctably,

maki ng it harggekgreurtiodid Phior Arherefore, it is inportant to nount the
ultrasoni ¢ transducer such that vibration generated during ultrasonic
bondi ng i¥0isolated 30 to the transducer itself, and as far as possi bl e,
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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 transducer, 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 oh-a nodal point of the |ongitudinal
vi bration of the horn, and al so formng the fIange with a sufficient |ength
such 5 as to | troduc oj nt, radl bratl n of the horn so as
to locate a ‘?ﬂgfmt HE' 66| ?9@%3@ fgr éI' fPgo aI QFrﬁ%' Fﬁrégq.lll}?'i’ asoni ¢
transducer i sMoumtingt &l adtUltrasorio $Véldiag Defice, h@@énroawrain altwlﬁ’é Bmldet’s so t hat
vi brations at_the nounti n dBosltl ns_are the Iq())dﬁ o] SI bl e, hereby

reduci ng the THiIP RJERtdea¢i¥SdPCaling: Bei Enge P Ren "?ﬁﬁEtqu'ﬁ‘é to which

the transducejipralifn of tH@Wd?h e@hd éﬁ@s f&*nﬂlzd; n'éia WilH 8 sﬁﬁ@féﬁ@@hgtrss&&rﬁt the
| engt h of theflan?e may be hened in order to establish the said
r

radi al nodal Folonint o@@cere@@gahmfphractlaientrsatl@h@f tediarosgras totleeate a Thi s
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t he V\nre-bon chine to locate t trasoni c transducer erea
woul d be nor emde'stedaabrtree positiariseoft these: tadial medakpaints sohtbatwibestivosi@t the machi ne
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consi deraply Iar(ﬂJ han the nodal point itself. As a result, the

ef fective met hod is reduced. Sunmary of the Invention 25 It is

t hus an obj ect of the invention to provide a flange-mounted ultrasonic
transducer that ehé')rcghlm zes tFe transm ssion of vibration fromthe ultrasonic

transducer to £0- WihdhisgarrieAFhds thatwihiecigneth o thedisnes MAY Ike
over com ng SO@RgREnédth Biderey aslaBitsthefl sdid PadibIHRBRpEinBrdsHecdgrized 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 is 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 f3omthe horn and extending fromthe
support structure interface in a -3- direction substantially parallel to a

| ongi t udi nal axi s of e _harn; a_fl ange. unt to the support
serocture at rdedas syboipatii asd 16 pR Rinel PR tdng ot St B
structure. 5 mbuntedltd tihe sgeporesirgiitirehgtrehodd beradid) cdematorpaisplaeemexent i on in
greater detail, by reference to the acconpanying drawi ngs which illustrate
one ermbodi men®f thePURREt $tHHAHEI on. The particularity of the draw 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
Bri ef Desc¥i pltivayidbe ccravenienti hrjsinafiercioatgsicebe they inveatige impigatasdlel@it r asoni ¢
transducer in ' inv ' G il i ith
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vi ew of a tr apfdtiedwentet diheipagticutarithef thealrawingsl ane tiertlated tesdriptine is

i nvention; 20 El | - Iy l : sducer of
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transducer al ofrthe irtventi@angs tefirddrbynthe@fmmat i on; and FIG 3 is an enl arged
cross-secfi' onal plan view of the shaded part of the 25 transducer in FIG
2, and gr dphs illustrating radial displacenent of the transducer along its

| engt h dur i ngBagrayedcription dahéDrgwingescri pti on of the Preferred Enbodi nment

An example of a flange-mounted ultrasonic 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. 1 is 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 horn 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-bonding 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 the4ormof a piezoelectric stack 18,
is coupled to the -4- horn 12 for generating an oscillatory energy suppl vy,

such as ul trasoni er to the of the capill t hr ou t he horn
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formed on a fipeERtROc&RH!i§Gpbied & ith@alsidg oscilBforTBH iHe frgnétmbemal my be
adapted to receive screws for said purpose of nounting. The flange 20 is
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| ongi t udi nal @iashé&cenent is greatest, and other positions at Whl ch t here
is mniml |ongitudinal 20 displacenent, such as at nodal position Nl. It
is preferred that the barrel 22 is connected to the horn 12 at a point where

there is mnip@. dr@%%rbé@sétﬁrbndll S8 e Ethe traHSAUGRS 18tfrdn thet@g df FRGSI ti on
N1, where there i s a node of | ongl tudi nal oscillatory displacenent.
Al t hough t he 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 minimal longitudinal displacement, such as at the nodal position N1,
where there is a node of longitudinal oscillatory displacement. Although the
25 Dbarrel 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 longitudinal 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 horn 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 12 %t a | ongitudinal vibration nodal
position N1, the 30 anmount of Iongitudinal vibration that is transmtted to

the barrel 22.is duc Li kew se |nc he f e 20 i connect ed
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m)untl ng hol es 21 of th e 20 at the nounting position is also
substantial |y r"@ﬁ'@hﬂﬁrat'o?ﬁat N@\/g?tem@se@ées 2}-t hough I ongi tudinal vibration at

t he mounting holes 21 has been substantially reduced, it is also

advant ageous to reduce the magnitude of radial vi brat| on at the nounting
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reduced. Nevert hel ess, ofile for radial oscillation of the transducer

10 is differ efigPlcRment; yhsFe@fslth% 0! thenartel @2riganot 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 located 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 yl 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 symetrical®y, the profiles of the graphs are
25 al so generally symmetrical. Fromthe graphs 32, 34, one not es that there

t t | ong..the ba 2 where t N2a, N2b
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di spl acenent ggdal oMt INzat opflangéd 20, 208 obhldswberﬁreardt@ﬂat beéth ridlﬁl pbmege 20 be
nounted onto the bar{q 22 at a nodal point for radial oscillation.

Accordingly, NA@ N44i0g8uUAtiRGface 28 is located at one of the nodal points
N2a, N2b. In FIG 3, the flange 20 and nmounting hole 21 are connected to
the barrel 22 through the flange interface 28 at nodal point N2a, although

it would be a'ﬁ'ﬁﬁ*&fq iseprefe{ead Fﬁéeﬁ%ﬁwntzm ha'&@%mﬁﬁ'th?@ed@t %@P@t'@l
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poi nt N2b, e connecte points N2a,
N2b for rmuntarngatafmﬂumnmer it is preferred that each nmounting hole 21 is
positioned at a |ocation on the flange 20 where both | ongitudinal and

radial oscillatory displacenents are at a mninum It would be appreciated
t hat the barrkilwdild SBmﬂpdeMeﬂdhateuheotbareelsm shaule e foled evfigt buffioiehbcat e at

| east one odal ojnt alo its surface. .1t may.al so _be onfi dto be of
sufti cientd | cRBER PoorRer Adearior® rRdel e aIEB 15rst¥tagPa ' YA dior
di spl acenent . cdrifigaredr to 5 oflstitiant |ehgmnrot|hau@é infdre ahan dAE Giodbest ragibpve, this
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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 longitudinal 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 oscillatory 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 sizé-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 desm so that it is not nmuch larger than the size required for
t he nounting 1, and this |eads to space savings on the w re-bonding
machi ne. The invention described herein is susceptible to variations,

nodi fi cations and/or 25 additions other than those specifically described
and it is to be urfyBangesBaupidranshecer GOBRESIBA: i ncl udes al | such vari ati ons,
nodi fi cations and/gpgogddi tions which fall within the spirit and scope of

t he above description. -7- CLAIMS: 1 A flange-nounted transducer conprising:
a horn; 5 @ drivera édgsicedried to e heypfor genegatingr an psrillatery@heray sHrdty ener gy
supply to thg {HQHBm-2 support structure interface positioned at a node of

| ongi tudi nal osci Tét ory displacenent of the transducer; a support
structure spaced fa cuppbdré s$toscturanitteriace nposiipriedoat tahenode0ok lggitudingt r uct ur e
interface in recti i rallel to a longitudinal axis of

t he horn; andg%q‘alli%xSk%%ﬁﬁﬁ%@ggﬂhe?ﬁéggﬁ%ﬁort structure at a node of radial
oscillatory displaceppnt shtiuctune spapedrftonstthectiarneand 2xndifge frbmattge- nount ed

transducer.as clai.nmed |n claiim1 erein the por t ructure conprises a
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a flange mounted to the support structure at a node of radial oscillatory

displacement of the support structure.

15 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,
wherein the support structure is connected to the horn only at the support

20 structure interface.

4. The flange-mounted transducer as claimed in any one of the preceding
claims, wherein the support structure is configured to be of sufficient length to

include more than one node of radial oscillatory displacement.

25
5. The flange-mounted transducer as claimed in any one of the preceding
claims, wherein the flange includes one or more mounting holes for mounting
the transducer.

30 6. The flange-mounted transducer as claimed in claim 5, wherein each

mounting hole is positioned at a location on the flange where the longitudinal

and radial oscillatory displacements are at a minimum.



wherein the support structure is connected to the horn only at the support
20 structure interface. 4. The fl ange-nounted transducer as clained in any
one of the preceding clainms, wherein the support structure is configured to
be of sufficient length to include nore than one node of radial oscillatory
di spl acenent. 25 5. The fl ange-nounted tr&nsducer as clainmed in any one of
the preceding clains, wherein the flange includes one or nore nounting

hol es for nountin the transducer. 30 6. The flange-mounted transducer as
e med 1ol &i m orne ekt AOTER Toneditel ng Romed FUSRLER PRSI Goat Ton
on the fl angeclaines, aviieneinl thadlahygeliisiabnnentell taatheasuppeet sthattureyatch fphgeeenent s
are at a m ni -8- 7. The flange-nounted transducer as clained in any one
of the preced%#gbcﬁiains, wherein the flange is connected to the support
structure at a flange interface. 5 8. The flange-nounted transducer as

claimed in_claim7, wherein the flange interface has a smaller_
cross-sectondl arB® HRRERYMRUNISHgITRRRAUGET agxslaimad in Klaim Anwherelt thean a

body of the fhangentefracd RSs bl difer BRI4BIsBEiSHaRBRAAERg §$or$21it%hiﬁ§ﬂa>§i£‘oﬂ“y one
of the preceding 10 clains, wherein the driver inparts ultrasonic energy to

t he horn. 10. theHeanspuerjdharvakedyot iharfleigeer as claimed in any one of the
preceding clains, wherein the transducer is nmounted to a w re-bonding
machi ne.

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

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

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

claims, wherein the transducer is mounted to a wire-bonding machine.





