- 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 Background and Prior Art During the production
of electronic devices, there is songtlfes a need to nmount 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 ultrasonic 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 caonponents
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that permts the transducer t e nounted to a bon ead of a wire bonding
machi ne Bexdimgpvenent in the X, Y and Z axes (and al so in sone desi gns about
a rotational or theta axis) as

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.



30 required in a sequence of bonding operations. - 2 - \Wen the ultrasonic
transducer is integrated into a wire-bondi ng machi ne, since very fine wres
and bond pitches are involved, the manner in which the ultrasonic transducer
is nmounted to the wire-bonding maching_ is very inportant. For exanple, if
the ultrasonic transducer is nounted such that vibrations fromthe 5
transducer are transferred to a nounting bracket, ultrasonic energy |oss can
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such as its frequency spectrum characCteristics, may be changed, thereby

af f ect i ngeryHimeswisgs &nd pood pitblees arenisdolved. theunamreriomdich e iltrpeokince of the
t ransducgr change unpr edi,ct abl king_ it. harder to _control.. Therefore,
it i i nieRtaer (s aunlSHne i Yird padlib Cebinddisc Sk TeROEHY Fokrat on
gener at egxsHpleNd et Giaaeomie tharduber issmoudladt edeh ehathabidtions drsiRrthet sel f,

and as far as possible, these vibrations are not transmtted to the rest of
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t ransducgy. i s, _nount re i n Lr fla -] ocat t he sanme
L orseuctie! REiFLSueTiE e FrBRlieR® Rk pBhah RRERE"TE S
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



Anot her 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 fromat |east two
| ocations that 5 correspond to the nodes of vibration of the transducer main
body, and connecting portions that connect the tip ends of the protruding

hol di ng Rl%thbpr&aﬁ%lé‘%ﬁha Hde-mbiinfebetrahedReRiid MgkiBséd ihheshphineg
portions are |l ocated at adj acent nodes of vibration of the transducer nain
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significant deflectlon during bondlng mhen a load is experienced at the tip
of the transducer. Sumrar y of the Invention 20 It is tgus an object of the
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of the aforesaid di sadvantages of prior art transducers.
10 an oscillatory waveform. However, a distance of the front-side holding portion to

(.‘ a tip of the transducer is more than one wavelength away. The problem is that
the suspended part of the amplifying horn from the front-side holding portion and
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



25 Accordingly, the invention provides a transducer conprising: a horn
configured to transmt vibrations along its |length during operation in the
formof an oscillatory waveform which conprises a plurality of vibration
nodal points; an ultrasonic generator,coupled to one end of the horn and a
bondi ng tool coupled to an opposite end of the horn for perform ng bonding
operations; a first flange 30structure |ocated along the length of the horn
at a fir L hrat i.0 N eTals t4 : ’ ond
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herei nafter describe the invention in greater detail by reference to the

acconpanyi ng draw ngs, which illustrate one enbodi nent of the invention. The
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vent 1 o et PRI A N TRER AL, iR e SR phReBm e T SN ngs
An exanpihgertfora Phéfrirti@dareyivddhérardwings antl thegerhtéd aBsehprion ikmoresor dance
with the invention will now be described with reference to the acconpanyi ng

15dr awi e UndarsigRd s surgrsading the gessrlity iof the dwoed identifigaien of théisducer
accor di “iﬂvér?[iotnhﬁs Bé]‘ﬁ{eeaﬁs?ﬂ-uee&?ﬂ?g.”e”t of the invention;

10

<. Brief Description 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



20FIG 2 is a plan view of the flanged transducer show ng a varying

vi bration anplitude profile along the length of the transducer; FIG 3 is a
side view of a conventional transducer showing its vertical displacenent
when subjected to a static load; and 25 FIG 4 is a side view of the flanged
transducer according to the preferred enbodi nent of the invention show ng
Its vertical displacenent when subjected to the sane static | oad as that
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Detaile Scription o e Preferre odi ment o € Invention FIG 1 is
an isonetric view of a flanged transducer 10 according to the preferred
enbodi ne ItGCo1f. t he. i nvzntion. fTh‘ﬁ tracﬂﬁ,duc(ir 1g has an el o at ec} mai, N body 5
gener al |'§ onSriSISRET A R 122 MIREhIPRSAZh 9 96prnd fo MR PEIeRY ch o
bondi ng émBbdifiedi cfith@ ivatibhar Thd rafiBiuke 1 hashedelofghttel AR bddyby a
screw 18 for perform ng bondi ng operations. An ultrasoni c generator 20

conprd si grRNesAHUCATBPIZNG i ra di2e cihe oral ehiat 8 tipeneolhetkwhics a bendiogn 12 at
an OPPOSichP Gl a8la CABIBAS 6 Miay PRCaACERSBHE HFACIAEA"a Sedy? avRi cal 1Y

bolted o end 0 or n operation, e horn 1

conf i gurgsHdrmitg bosding opebatRinso s gitagoricegknkrator 2O eonprishgoanangener at or 20
along its length towards the caﬁi | lary 16 for bonding. The vibratjons are

typi cal | 9 RiEZPRISHIERIeMeNisHIS MaKRiesk toaieokenn 14 ap K}%‘?"@r gnd phdhe r ansducer
10 is mopsiherh ofhe (Rt H&adaldr Po RROMBAINASoldiComBSht IéRdSofdthe Fom

- 10 12. In operation, the horn 12 is configured to transmit vibrations generated from
( the ultrasonic generator 20 along its length towards the capillary 16 for bonding.

The vibrations are typically transmitted in the form of an oscillatory waveform.

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



15 first flange structure 22 and a second flange structure 24 | ocated al ong
the length of the horn 12. Each flange structure 22, 24 has a neck portion
26, 26' protruding fromthe horn 12 at which the flange structure is
connected to the horn 12. A nounting gportion of the flange structure may

i ncl ude a nmounti ng device such as a screw hole. Thus, screw holes 28, 28
may be fornmed on the flange 20 structures 22, 24 for receiving screws to

mount t hR (deanadiaesfokd %‘E@th@%r@@mﬁbd‘ﬁﬁdhe Iurrtrééam hbhstatat 20 eghedi ment ,

t he second flange structure 24 also has an el ongate shoul der section 30
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(1 oc& edeanding isiterhsg PFFIMefodal position on the horn 12) is not coinci dent
with a mounting position on the bond head. - 6 - in use. A waveform 32 that
is produced by the ultrasonic generator 20 has a plurality of vibration
nodal poTte first Hache asuddre 22 has ahesokgiortidre 28 tpatiis lebatef alonfithe legth s
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from being dissipated to the bond head. In the preferred enbodi nent of the

i nvention, the second flange structure 24
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



separated fromthe first flange structure 22 by a distance of at |east two
15 consecutive nodal points along the horn 12 of the transducer 10, as shown
in FIG 2. In other words, there is at |east one unused vibration nodal

point in between the first and second,flange structures 22, 24. Mire
preferably, the two nodal points at ich the flange structures 22, 24 are
nount ed are separated by one wavel ength. 20 In prior art transducers wher e

there are(érr@acmm A 16§ eBLANG 6.8 IO ThePboriVaRtibhAT %E:er ¢ mounting

points are ated adjacent to each other on consecutive nodal points, such
as in UShq;maehwnrﬂrﬁ)ribertrrsemeeloes'f@rraétat:hregajcatubw 1 éormiapdirig, tdver anf ) . By
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| ocated closer to the tip end 14. This enabl es defl ection at the tip end 14
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for att ing capr | ar an ulftrasoni € generator 108
mount ed |atated mpﬂhe&nb@nt&@barremhe. hor n 102 The conventional transducer 100
is mounted only at the position of a nounting barrel 5 110, where the
nounting barrel 110 is clanped onto the bond head. The transducer 100 is

cl amped g thGsPoSUbE oMol of e Ak RAnaRREL bn:fm%ttat trleS pteebgd on the
mount i ng barref 10. FI% is a side view o ef ed tr nsducer
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36 show ,ngstyegégrlrgglg_ob_spl acenment of the conventional transducer 100 15
denonstrates that the horn 102 of the conventional transducer 100 faces

deflection along its length primarily between the nounting barrel 110 (where

Lhe ©r anRQUGPLo 88 il VRREY ARCLRRCHRB) AR ionGrddig gEhgpohand.  the
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denonstrates that the
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



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 nuch shorter than that of the
horn 102 of the conventional transdugger 100. As a result, the anount of

defl ection experienced by the flanged transducer 10 is about 2.0pm which is
significantly less than the 25 defl ection experienced by the conventi onal
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is shortened. Thus, when the capillary 16 is pressed onto a bondi ng surface,
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cr oss- sdbe icopsa-sestionabaraa el e homp 12Thilkus.iit i sapapamianipimiang Hezi ng t he
inertia il t d of a
crati o 1R 18 REUGER: Wite SnfRNTE R 0 e el BF R LAY
susdept |et§ipﬁeﬁdub1ag|bahdmgs m)dl fi catl ons and/or additions other than those

(spemfl cally described and it is to be understood that the

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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i nvention includes all such variations, nodifications and/or
additions which fall 15 within the spirit and scope of the above
description. -9- CLAIMS: 1. A transducer conprising: a horn
configured to transmt vibrations alo a length thereof during 5
operation of the transducer in a formof an oscillatory waveform
conprising a plurality of vibration nodal points, the horn having a

first en n end opposite the first end; an ultrasonic generator
coupl ed '?CER s irst end of the horn; a bondi ng tool

coupled to the end of the horn opposite the first end and
1OConfigu ed tp I%erform a _bondi ng operation; a first flange
structure' posﬁ‘ SIHCEr SRYPESIGngt h of the horn at a first vibration

nodal point ofg tagn FHo%ﬁ@in*eHYtd)ftraﬁbr‘?lﬁtaﬁlbpéiloﬂgdéﬂbn@oé Wé@tﬁnlﬂel?éwfdlﬂlﬂfged
for mounting the transducer; and a second flange structure positioned

al ong & heonesatipm obthe r@nRewgeran @fqmé&@mdowhtﬁt@m waveloal cyopiting e
the plur aﬂlhrtaYt)Péf \XHJI%{ISTH h88alrt9cﬁﬁtjs, 91%' B t‘%@fﬁg a first end and an end opposite
the first end;
an ultrasonic generator coupled to the first end of the horn;
a bonding tool coupled to the end of the horn opposite the first end and
10  configured to perform a bonding operation;
a first flange structure positioned along a length of the horn at a first
vibration nodal point of the plurality of vibration nodal points and configured for
mounting the transducer; and

a second flange structure positioned along the length of the horn at a

15 second vibration nodal point of the plurality of vibration nodal points and
configured for mounting the transducer, the second flange structure being
separated from the first flange structure by a distance of exactly one wavelength

of the oscillatory waveform.

20 2. The transducer as claimed in claim 1, wherein each of the first flange
structure and the second flange structure comprises a neck portion protruding
from the horn at the vibration nodal point and the second vibration nodal point,
respectively, and a mounting portion positioned distally from the neck portion at a
terminus of the flange structure and free of direct contact with the horn, the

25 mounting portion connected {o the neck portion, the mounting portion including a

hole configured to attach the transducer to a bonding machine.

3. The transducer as claimed in claim 2, wherein the first flange structure or
the second flange structure further comprises an elongate shoulder portion
30 positioned between the mounting portion and the neck portion and extending

substantially parallel to a longitudinal axis of the horn.



configured for nmounting the transducer, the second flange structure
bei ng separated fromthe first flange structure by a distance of
exactly one wavel ength of the oscillatory waveform 202.The
transducer as clainmed in claim1, wherein each of the first flange
structure and the second fl ange struéﬂﬁfe conprises a neck portion
protruding fromthe horn at the vibration nodal point and the second
vi bration, nod I L Lvel i -1.Qn :
posi 1 onell di oqn Fgauser 3R ERlrEE i anfBiie 8¢ R PHELOAA RIS Yherein the o
st r uct ur ebamiihd toebcohpdsesatcapitlatyact with the horn, the 25nopunti ng
portion connected to the neck portion, the nmounting portion including
a hole configured to attach the transducer to a bondi ng nachi ne.

3. The tragfisducpie @sndthREFBS clain6d & Bhy on¥RefR prebb@ing iclziths| WABE the
structure or the second flange structure further conprises an

el ongét e fabbliangs sipustuieois Bocqmertadoivethebsecrnd fianae stoiiengxqest ©Nbh
and the éﬁgﬁﬂon and extendi ng substantially parallel to a

| ongi tudi nal axis of the horn. -10- 4. The transducer as clainmed in
any one of the preceding clainms, wherein the bonding tool conprises a
capillary. 5. The transducer as clained in any one of the
preceding clainms, wherein the 5 first flange structure is unconnected
to the second flange structure except only via the horn.





