-1- FLANGED TRANSDUCER HAVI NG | MPROVED RIA@ DI TY 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 el ectronic device during
ultrasonic wre bonding. 10 Backgroupd and Prior Art During the production
of electronic devices, there is songtlfes a need to mount an integrated
circuit die or chip onto a carrier. After nounting, electrical connections
are made between the chip and the carrier, typically by the use of 15
bonding wires. The product is then nolded into a sem conductor package.
These bondi ng WFLGNGED PRANSDUOER HAVINGIMPRROVED RIBIDETY p and the carrier
respectively by ultrasonic welding using a transducer that is caused to
vibrate at ultrasonic frequencies. 20 A conventional transducer conprises a

pi ezoel eﬁ&fdi&tﬁé fiohOr gener ating wultrasonic vibrations, an ultrasonic
anplifyi onding tool which is normally in the formof a

capi lg ary or wedge. The bonding tool is |ocated at the free end of the
anplifying horn and is used to ply the bonding force to the onponent s
bei ng welleVEBHR? FIptesty arﬁan%eﬁﬁaer i SRR P(gnfilgwnﬁggvpﬂoo%a&@cam th a

fl ange s f NOLHH ey : i"aS r.el..or collar,
t hat pe?énti l'E“sé?ts 1té Stgpgnésgdgcer tg@geof muﬁe{cégﬂ{%@ﬁvné%%ﬁwgaﬂﬂggﬁgéﬁ;}jlrée’ bondi ng
machi ne Bexdimgpvenent in the X, Y and Z axes (and al so in sone designs about
a rotational or theta axis) as 30 required in a sequence of bonding
operations. -2-

10 Background and Prior Art

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, typically by the use of
15 bonding wires. The product is then molded into a semiconductor package.
These bonding wires may be attached to bond pads on the chip and the carrier
respectively by ultrasonic welding using a transducer that is caused to vibrate at

ultrasonic frequencies.

20 A conventional transducer comprises a piezoelectric element for generating
ultrasonic vibrations, an ulfrasonic amplifying horn and a bonding tool which is
normally in the form of a capillary or wedge. The bonding tool is located at the
free end of the amplifying horn and is used to apply the bonding force fo the
components being welded together.

25
The amplifying horn is usually provided with a flange or other form of mounting
member, often known as a barrel or collar, that permits the transducer to be
mounted to a bond head of a wire bonding machine for movement in the X, Y
and Z axes (and also in some designs about a rotational or theta axis) as

30 required in a sequence of bonding operations.



When the ultrasonic transducer is integrated into a w re-bondi ng nmachi ne,
since very fine wires and bond pitches are involved, the manner in which
the ultrasonic transducer is nounted to the w re-bonding machine is very
inmportant. For exanple, if the ultrasonic transducer is nounted such that
vibrations fromthe 5 transducer are transferred to a nounting bracket,
ultrasonic energy loss can result. If there is excessive vibration, the
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may be changed, thereby affecting the stability of thé transducer.
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possible, and thereby reducing the transm ssion of vibration to the
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15 introduction of a flange. Another way could be to clamp the transducer to the

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 patent number
20 6,135,339 for “Ultrasonic Transducer with a Flange for Mounting on an Ultrasonic
Welding Device, in particular on a Wire Bonder”. This patent teaches locating
L the flanges on a nodal point of the longitudinal vibration of the horn, and also
forming the flange with a sufficient length such as to introduce a nodal point for
radial vibration of the homn so as to locate a mounting point at the said radial
25 nodal point. The ultrasonic transducer is mounted at the positions of these radial
nodal points so that vibrations at the mounting positions are the lowest possible,
and thereby reducing the transmission of vibration to the wire-bonding machine
to which the transducer is mounted. There is only one pair of flanges located at
the same vibrational nodal position of the horn.
30



30 -3- Another exanple of a flange-nounted transducer is disclosed in US
patent nunber 6,766,936 entitled "Transducer and Bondi ng Apparatus Using
the Sane". It describes two pairs of flange supports |ocated on both sides
of an anplifying horn, conprising holding portions that protrude from at

| east two | ocations that 5 correspond to the nodes of vibration of the
transducer nmai n body, and connecting portions that connect the tip ends of
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transducer will incur si gm ficant def I ect [ on during bonding when a load is
experi enced at the tip h{m t ransducer. rrgg é@o ge | nvention, 20 It is
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bonding to avoid sone the aforesai d di sadvantages of prior art
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a horn confi transmt bratlons along its ngt h, durin peration
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Vi brat i openR@pbnded phig;of e HpliARhérm fash ehafont-seleMatding Poftitth ahd of t he
horn and a bondi ng tool coupled to an
the tip of the transducer is quite long, resulting in less rigidity in the suspended
portion. Hence, the rigidity of this part of the horn must be increased by the use
15  of harder materials or increasing the cross-section of the horn. Otherwise, the
suspended part of the transducer will incur significant deflection during bonding

when a load is experienced at the tip of the transducer.

Summary of the Ihvention

20
It is thus an object of the invention to seek to provide a transducer that has
increased rigidity to decrease deflection of a tip of the transducer during bonding

to avoid some of the aforesaid disadvantages of prior art transducers.

25  Accordingly, the invention provides a transducer comprising: a horn configured to
transmit vibrations along its length during operation in the form of an oscillatory
waveform which comprises a plurality of vibration nodal points; an uitrasonic
generator coupled to one end of the horn and a bonding tool coupled to an
opposite end of the horn for performing bonding operations; a first flange

30 structure located along the length of the horn at a first vibration nodal point for

mounting the transducer; a second flange structure located along the length of



opposite end of the horn for perform ng bonding operations; a first flange
30 structure located along the Il ength of the horn at a first vibration nodal
point for nmounting the transducer; a second flange structure | ocated al ong
the length of -4- the horn at a secong vibration nodal point for nounting
the transducer, the second flange structure being separated fromthe first
flange structure by a distance of at |east two consecutive vibration nodal
poi nts.  fhel hoiff bt 8oLty YUrGfiSn RIAPLBINAGH ShodiRfty e rdiedlayeipéon in
greater detail by reference to the acconpanyl ng aw ngs, ich iTlustrate
one enboskavedt flarfge Istruciune dreing reepatede dram ciileafiist ylaofet steuadurmwbpgs and t he
rel ated descripti is.not to e under st ood, as. supersedi ng the generality
of ¢ he. HISEA0P GAT ALY banaru YRV BIoB G BaETiat | ned by the orai e, 10
Brief Description of the Drawi ngs An exanple of a preferred enbodi nent of a

fl anged transducer in accordance wth the invention will now be described
wi t h & eflévéthdie converdenictohpeaiyaltey dessribe sienigyention whigegaterdetaillby s an

enbodi moeierBice B oft ceANEMMBRRIMSE EELTRsTR fus PPBHRhE T e
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of the transducer; FIG 3 is a side view of a conventional transducer

showi ng P& yndersteedias grgisedinadhe ammeraldy s dbe &doad idendifigatien obdbe and 25
FIG 4 iiﬁv@ntﬁ:jn?%s Mé‘%d){’Y méed%iln@ged transducer according to the preferred
e

enbodi ment "0 rnvention showmng its vertical displacenent when subjected
to 1tthe sane static load as that applied to the conventional transducer

Q,I Lol raérel:& If)gscription of the Drawings

An example of a preferred embodiment of a flanged transducer in accordance
with the invention will now be described with reference to the accompanying

15  drawings, in which:

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

embodiment of the invention;

20 FIG. 2 is a plan view of the flanged transducer showing a varying vibration

amplitude profile along the length of the transducer;

T

FIG. 3 is a side view of a conventional transducer showing its vertical
displacement when subjected to a static load; and

25
FIG. 4 is a side view of the flanged transducer according to the preferred
embodiment of the invention showing its vertical displacement when subjected to
the same static load as that applied to the conventional fransducer illustrated in
FIG. 3.

30



FIG 3. 30 -5- Detailed Description of the Preferred Enbodi nent of the
Invention FIG 1 is an isonetric view of a flanged transducer 10 accordi ng
to the preferred enbodinment of the invention. The transducer 10 has an
elongated nain body 5 generally compgising a horn 12. The horn 12 has a tip
end 14 at which a bonding tool such as a capillary 16 nmay be attached to the
horn 12 by a screw 18 for perform ng bondi ng operations. An ultrasonic

gener at Oﬂﬁet%ﬂe&@&Eii@digoﬁhém%ﬁrred@mﬁbéiﬁ%t%ﬂHé GvEhEIENt S ! s nmounted to

t he horn at an opposite end o e or n ] € ultrasoni c generator 20
Is typically bolted onto the end of the horn 10 12. In operation, the horn
12 is configured to transmt Vibhrati S nerat.ed from ,the ul t.rasonic
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may be f¥r PeaORIRCHIRLIEMERtReiS2BONRIegCtoutheshom 12 4t gy QP%Q,%WBV?% Ogép%ws to
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L T e
shoul derTgegibttondGirk Sypisafyitaristnifbd Mitheerf ©F aw daefliatofP wavefddm. | ocated at a
correspondi ng nounting position on the bond head if the neck portion 26

The transducer 10 is mounted onto a bond head (not shown) at the positions of a

15  first flange structure 22 and a second flange structure 24 located along the length
of the horn 12. Each flange structure 22, 24 has a neck portion 26, 26
protruding from the horn 12 at which the flange structure is connected to the horn

12. A mounting portion of the flange structure may include a mounting device
~such as a screw hole. Thus, screw holes 28, 28’ may be formed on the flange
20 structures 22, 24 for receiving screws to mount the fransducer 10 onto the bond

head. In the illustrated embodiment, the second flange structure 24 also has an

("‘\

elongate shoulder section 30 between the mounting portion containing the screw
hole 28 and the neck portion 26' that extends substantially parallel to a
longitudinal axis of the horn 12 fo link the screw hole 28’ with the neck portion 26'.
25 The shoulder section 30 is useful to allow the screw hole 28’ to be located at a
corresponding mounting position on the bond head if the neck portion 26’
(located at a vibrational nodal position on the horn 12) is not coincident with a

mounting position on the bond head.

30 FIG. 2 is a plan view of the flanged transducer 10 showing a varying vibration

amplitude profile along the length of the transducer 10 when the transducer 10 is



(located at a vibrational nodal position on the horn 12) is not coincident
with a nounting position on the bond head. 30 FIG 2 is a plan view of the
flanged transducer 10 showing a varying vibration anplitude profile al ong
the length of the transducer 10 when 4 he transducer 10 is -6- in use. A
waveform 32 that is produced by the ultrasonic generator 20 has a plurality
of vibration nodal points (such as 34, 34') whereat the anplitude of

vibrati g ise. MaNvERSform SEMHATUS RODIASLBE tRE UltrddoRid genéﬂaw zb%sg@nerat ed
at the tip end 14 of the transducer 10 at the position of the capillary 16
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Locating the flange structures 22, 24 at the nodal points 34, 34' prevents
C ul & ashandingisdpde perEriMssi ng di ssipated to the bond head. In the preferred
enbodi ment of the invention, the second flange structure 24 is separated
fromthe first flange structure 22 by a distance of at |least two 15
consecutThefnrmbﬂahgqneimd:tsreaﬂzhgstahnadkmdntidmzafthatheIaoamd;dboagrthémnm shown in
FIG 2. rds, there is at unused |brat|o poi nt
n_bet wethnS 8N AR o ibebEn aacRl pifEI ehf The secosbllatte SRR RE of abl y,
the two ﬁ!é%d@ ne@l@'ﬁﬁrﬁo@tzeﬂhhﬁh id W&:d‘té@rﬁleaﬁéthéﬁt\hﬁrﬁﬁor?%od%ﬂ gyie Bpunted are
separated by one ‘wavel engt 20 In prior art transducers, where there are

t WO 1rﬁ)uri100$@ngoth$t ﬁaage)rﬁjrqueﬁo% 8f at fhe tnogies dundels, 34, h§4m§1m‘tel‘ﬁ§ poi nt's
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separating the f| rst and second fl ange structures
In the preferred embodiment of the invention, the second flange structure 24 is
separated from the first flange structure 22 by a distance of at least two
15  consecutive nodal points along the horn 12 of the transducer 10, as shown in FIG.
| 2. |In other words, there is at least one unused vibration nodal point in between
the first and second flange structures 22, 24. More preferably, the two nodal
points at which the flange structures 22, 24 are mounted are separated by one
wavelength.
20
In prior art transducers, where there are two mounting points along the horn of
Q ' the transducer, the mounting points are located adjacent to each other on
consecutive nodal points, such as in US patent number 6,766,936 mentioned
above (see FIG. 1 thereof). By separating the first and second flange structures
25 22, 24 by a distance of two or more consecutive nodal points, or more preferably
by one wavelength, rigidity of the transducer 10 can be improved as the
mounting support is located closer to the tip end 14. This enables deflection at

the tip end 14 of the transducer 10 to be reduced.

30 FIG. 3 is a side view of a conventional fransducer 100 showing its vertical

displacement when subjected to a static load. In this example, the static load is



25 22, 24 by a distance of two or nore consecutive nodal points, or nore
preferably by one wavelength, rigidity of the transducer 10 can be inproved
as the nounting support is located closer to the tip end 14. This enabl es
deflection at the tip end 14 of the $ransducer 10 to be reduced. 30 FIG 3
is a side view of a conventional transducer 100 showing its vertical

di spl acement when subjected to a static load. In this exanple, the static

load is @Ze;tedemﬁ\ﬁgrdé.oawafvaw%qaaﬁml@ 5'k°gfeqth%| cdiveBtisndiGfanshiigecepyent i onal
transducer 100 has a horn 102, a tip end 104 for attaching a capillary 106
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of a vibrational nodal point that is |ocated on the nounting barrel 110.
FIG % i51G wheee ewneintingebarrghddl isr elastnade pnise g diong head.heThe ef erred
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conventllgaatledtdram@dﬂomtmg bartsiting@t ed in FI G 3. The graph 36 showi ng
vertical displacenent of the conventional transducer 100 15 denonstrates
that the horn 102 of the conventional transducer 100 faces deflection along

i ts | enggjes pg dl)gaé'é Ye PREWEED thd 1 ggtﬂré&ﬁbcﬁﬁgf %Icc&t]c%%"l@efh% Eﬁfferré ansducer

100 is clampe the capi 'l ar ot her grap
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according to the eferre t, of the,ipgvention.de strates that the
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fl anged jgdiratel iy e1@43.and the capillary 16. The length of the horn 12 of the

flanged transducer 10 that is deflected is nuch shorter than that of the
horn 102 of the

The graph 36 showing vertical displacement of the conventional transducer 100
15 demonstrates that the horn 102 of the conventional transducer 100 faces
deflection along its length primarily between the mounting barrel 110 (where the
fransducer 100 is clamped) and the capillary 106. On the other hand, the graph
38 showing vertical displacement of the homn 12 of the flanged transducer 10
according to the preferred embodiment of the invention demonstrates that the
20 horn 12 faces deflection along its length primarily between the second flanged
structure 24 and the capillary 16. The length of the horn 12 of the flanged
transducer 10 that is deflected is much shorter than that of the horn 102 of the
conventional transducer 100. As a result, the amount of deflection experienced
by the flanged transducer 10 is about 2.0u#m, which is significantly less than the
25 deflection experienced by the conventional transducer 100, which is deflected by
about 3.7um. Hence, the flanged transducer 10 is more rigid in the direction of

application of a downward force applied during bonding.

It is apparent that the conventional transducer is mounted at a position on the
30 mounting barrel 110 that is further away from its tip end 104 than the second
flange structure 24 is from its tip end 14. This improves the rigidity of the flanged



conventional transducer 100. As a result, the anmount of deflection
experienced by the flanged transducer 10 is about 2.0pm which is
significantly | ess than the 25 defl ection experienced by the conventional
transducer 100, which is deflected b)é about 3.7,um Hence, the flanged
transducer 10 is nore rigid in the direction of application of a dowward
force applied during bonding. It is apparent that the conventi onal

transdu [ t F by t-h j i that is
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sur f ace,edcBantered bptitd eonrinGBHA tRIRduByr {dte flanged transducer 10 is |ess
than that encountered by the conventional transducer 100. 5 It should be
appréci ated that the flanged transducer 10 according to the preferred
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direction of a static |load 10 applied duri n_g bondi ng. The invention
descri bdle Hepss-sestional acaspof e het Var i Biisnbis parrlle Qitminhvizing the
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that the “inventron includes all Such I'ons, cations and/ or
addi10i oreppiibd darifiglbondibg. Wi t hin the spirit and scope of the above
description. -9- CLAIMS: 1. A transducer conprising: a horn configured to
transmt vibrations along its length during operation in

The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that the
invention includes all such variations, modifications and/or additions which fall

15  within the spirit and scope of the above description.
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5 the formof an oscillatory waveformwhich conprises a plurality of

vi bration nodal points; an ultrasonic generator coupled to one end of the
horn and a bonding tool coupled to an opposite end of the horn for
perform ng bondi ng operations; a first flange structure |ocated along the

|l ength of the horn at a first 10 vibr@tion nodal point for nounting the
transducer; a second flange structure |ocated along the |l ength of the horn
at a second vibration nodal point for nounting the transducer, the second
fl ange stCkliMBe being separated fromthe first flange structure by a

di stance of at |east two consecutive vibration nodal points. 15 2. The
transducer as clainmed in claiml1l, wherein the flange structure conprises a
neck portqon K ebhsdlided chbipisinge horn at a vibration nodal point and a
nmounting portion connected to the neck portion, the nounting portion
including a dcekeecandiguead indrmnsgit vbrations apngits lepgth dwing apenatiehihe. 20 3.
The tr=an | al i i | e A el te
shoul dor enern 8 e Reatr asRin kel seses a pURINPLL HoRRoR, BB, o,
extends poisiantially parallel to a longitudinal axis of the horn. 25 4.

The transducer as clainmed in any one of the preceding clains, wherein the
second fl ange ¥t VliTasenie gegertonFaunied ¢ 8R¢ €A Cgiﬂi‘%f‘orlﬁ%é panding 1ok by one

Ve e o SRS o R T e APy BRI opluBiEe0 10 clal e
a first flange structure located along the length of the horn at a first
.10 vibration nodal point for mounting the transducer;

<- ' a second flange structure located along the length of the horn at a second
vibration nodal point for mounting the fransducer, the second flange structure
being separated from the first flange structure by a distance of at least two
consecutive vibration nodal points.

15
2. The transducer as claimed in claim 1, wherein the flange structure
comprises a neck portion protruding from the horn at a vibration nodal point and
a mounting portion connected to the neck portion, the mounting portion including
a device for attaching the transducer to.a bonding machine.

20
3. The transducer as claimed in claim 1 or claim 2, including an elongate

Q ' shoulder portion between the mounting portion and the neck portion that extends

substantially paraliel to a longitudinal axis of the horn.

25 4. The transducer as claimed in any one of the preceding claims, wherein the
second flange structure is separated from the first flange structure by one

wavelength.

5. The transducer as claimed in any one of the preceding claims, wherein the

30 bonding tool is a capillary.



