-1- CAPILLARY HOLDER Field of the Invention 5 The invention relates to an
arrangenent for nounting a capillary to a body of a bonding tool, such as a
horn of an ultrasonic transducer for the purpose of performng wire

bondi ng. 10 Background and Prior Art Wre bonding is a common procedure used
I n sem conduct or packagi ng whereby electrical wire connections are nade

bet ween el ectrical contact pads of différent electronic conponents, or of
different contacts pads on an el ectronic conponent. 15 For exanple, wre
connections are commonly nade between contact pads of an integrated circuit

("1C") chip and a | eadfrane car rdﬁg!Lq_rhﬂi%LPE; IC chip is attached before
the 1C chip is nolded during as : y is often used to apply
bondi ng energy to weld bonding wire, typically 20 nade from gold, al um num
or copper, to the contact pads. The capillary is also wused to feed wire to
t he cont acEﬁgﬁﬂiﬁlﬁdﬂlﬁ@&&the wire fromthe bond on the contact pad once a
wire cgpnection is nmade. Bonding energy, such as ultrasonic force, power
and/or thermal energy is applied at a tip of the capillary. Therefore, it
i s very i nphe tiaventioor reldtes ta@n amangermehiefdrandemtéd accapillEry ts@ bsdy of ansur e

that 25 the wire bonds are forned properly and consistently according to set
par amet er sPON@BGIORLi SHA By, aahqmrgf an Hlﬁ%ﬁpﬂ'ﬁagﬁm@qura%ﬁﬁdb@e?uﬁpé’s?o?frred

with a sli Lihg ditdbondiRg capillary is mounted in a recess in the slit.
Thr eaded sé?@{\}\"ﬁ'héeg ar% (;rr}a e inthe slit to receive a screw, which is

screwed into the holes and tightened in 30 order to close the slit and
provided a_clanping force to grip the capillary securely. However, it has
been f%ndM_ﬂﬂaﬁé_ﬁ&c&B ro dRProrfdby di sadvant ages associated with -2- the use of
a screw to secure the capillary. One disadvantage is that since wire
Wire bonding is a common procedure used in semiconductor packaging whereby
electrical wire connections are made between electrical contact pads of different
electronic components, or of different contacts pads on an electronic component.
15 For example, wire connections are commonly made between contact pads of an
integrated circuit (“IC”) chip and a leadframe carrier on which the IC chip is

attached before the IC chip is molded during assembly.

A capillary is often used to apply bonding energy to weld bonding wire, typically
20 made from gold, aluminum or copper, to the contact pads. The capillary is also
used to feed wire to the contact pad and break the wire from the bond on the
contact pad once a wire connection is made. Bonding energy, such as ultrasonic
force, power and/or thermal energy is applied at a tip of the capillary. Therefore,
it is very important for the capillary to be fastened securely so as to ensure that

25 the wire bonds are formed properly and consistently according to set parameters.

Conventionally, a horn of an ultrasonic transducer is formed with a slit at its tip.
The capillary is mounted in a recess in the slit. Threaded screw holes are made
in the slit to receive a screw, which is screwed into the holes and tightened in
30 order to close the slit and provided a clamping force to grip the capillary securely.

However, it has been found that there are many disadvantages associated with



bonding is perfornmed repeatedly at high frequency under stressful
conditions, over time, the screw threads on the screw and screw hol es
become worn and | oosen the screw. The problemis that w re bonding

requi renents are so precise 5 that any | oosening of the capillary nmount may
adversely affect the performance of the wire bonding tool. Another
undesirable effect is the possible bendl%g vi bration caused by the screw.
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the jig isViP ne‘E?"i‘sreg %1€ SG"GYi nsertion hole and the cross-sectional area
of 20 the capillary attachnent hole is thereby reduced. In typical
ultrasonic transducers, the ultrasonic drivers are arranged such that
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oscillation aX|s of the horn. By gripping the capillary transversely to
thi s | ongi tUltrasanicdieracfor erBondieg dwipapatag™.f Bnadtrasoniesern @fwr@utdaﬂewltlarad
of the ca i1l a the . .lon udi nal

di'recti on FaPlEYGAARe nelR YT S a5 Gees Sriale Har e eeitardcshe 8 iegs
suf fi ci ent |ngehfyrd Aol tHftextifnunitates with the capillary attachment hole. A jig is
- 15 insertable into the jig insertion hole to widen the capillary attachment hole.
Therefore, a cross-sectional area of the capillary attachment hole is increase, so
that the capillary can be received in the capillary attachment hole. The capillary
is fastened in place by the elastic force that is generated by the horn material
when the jig is removed from the jig insertion hole and the cross-sectional area of

20 the capillary attachment hole is thereby reduced.

In typical ultrasonic transducers, the ultrasonic drivers are arranged such that
ultrasonic oscillation is generated down the horn in a longitudinal direction along
the length of the horn. A disadvantage of the gripping force introduced by the
25 aforesaid prior art is that the elastic force is exerted on sides of the capillary that
are transverse to the longitudinal oscillation axis of the horn. By gripping the
capillary transversely to this longitudinal direction, the gripping force is less
effective, and there is a greater risk of movement of the capillary in the
longitudinal direction relative to the horn if the elastic fastening force is not

30 sufficiently large to prevent this.



Summary of the Invention It is therefore an object of the invention to seek
to provide an inproved arrangenent for fastening a capillary to a horn of a
bondi ng tool without the use 5 of screws to provide a clanping force on the
capillary. It is related object of the invention in a preferred enbodi nent
of the invention to seek to optimze a gripping force acting on the
capillary in a direction of oscillati on®f the capillary. Accordingly, the

I nvention Qrovides ill.ary holder for nounting a capillary 10 onto a
hor n, conp&l@wm&%—ﬂole formed in the horn that has a first width
along a first axis that is smaller than a wwdth of the capillary and a
second width along a second axis perpendicular to the first axis that is
| ar ger t halt ishtheretiira ah objeet cdpthe ém;qntiwhetceiseetkhm nmonlden@nhdjhprdved
configured_such t a on_.force.to & second

f
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of sai | exion force contracts t first wdth whereby to gri'p the
capi | l ary ingentjorarin ed gpreferrédrerebadiment dfothe. invention| i lseelsdnvepmmme a

hereinafter .tq d scri be the jnventjon.in greater_detail,l 20 r erence to
he e riRRg Torck Attt e rapileng it A cBeEfan Bf Seiiatingcithe GRBMagt { fe
i nvention. The particularity of the drawings and the rel ated description is

not to be understood as superseding the generality of the broad
i denti fi caAccordofgly,tthe investion qrovidesed icapilaby hbtdercfoaimeuntﬁ‘@ Br capillary

Description of the Draw ngs Exanpl es of eferre nt s apillary
ot der®D | oA PN EeRTTIE AMORNTENFPIEHOTMER hdy BETULEE AeB Ut Aiith
reference éBn%fEf.ﬁs%&m igm@Nemtiiesa width dfinehcapifary emdH §ecénd wa&n
| sometric vie an ultrasonic horn including an arrangenent for holding a
capi | | ary aoograiseepndaxisfiarpengicalbeto the tirsbadisrtbat isoargérdhan thewidth; of
the capillary, wherein the mounting hole is configured such that application of a
flexion force to reduce the second width simultaneously expands the first width
15 so as to fit the capillary when the first width is larger than the width of the
capillary, and removal of said flexion force contracts the first width whereby to

grip the capillary using an elastic force of the horn.

It would be convenient hereinafter to describe the invention in greater detail by
20 reference to the accompanying drawings which illustrate preferred embodiments
of the invention. The particularity of the drawings and the related description is
not to be understood as superseding the generality of the broad identification of

the invention as defined by the claims.

25 Brief Description of the Drawings

Examples of preferred embodiments of capillary holders in accordance with the
invention will now be described with reference to the accompanying drawings, in
which:

30



FIG 2 is an isonetric view of the ultrasonic horn of FIG 1 including a
capillary 5 nmounted onto it; FIG 3 is an isonetric view of an ultrasonic
horn according to a second preferred enbodi nent of the invention; 10 FI Gs.
4a to 4c are plan views of the ultrasonic horn according to the first
preferred enbodi nent |ooking fromdirection Aof FIG 1 and FIG 2,
illustrating the manner in Wnich a tip‘bf the ultrasonic horn can be

mani pul at e o,secure a__.capi. [y in.a mun h 15 FIGs. 5a

o1 an vi eve 155 415 FslhstfiE iy it Sithsrend boffRintlading an arenaeiaat for

enbodi ment heldird 8 capian; bé&brhﬁ@lib'wﬂrfsf Ef@fé’r'ré&%hﬁbﬁ?jwﬁeﬁf oﬁ'h@m@erﬁtﬂﬂ udi ng
recesses formed in the ‘mounting hole that are shaped to receive a capillary;
and FIGs. 6a to 6¢c are plan views of an ultrasonic horn according to a
third pref e enbodi, e he j.nvention e .munt i n hol e
el udes. t hi@e2ds PppPRGe o uien] 8h iM% SRRl Aem o FIehy ' neliaifB i caBlenf ot on
of the #&reqjunted At nents 25 FIG 1 is an isonmetric view of an ultrasonic
horn 10 including an arrangement for holding a capillary according to a
first preferred enbodi nent of the invention. A nounting hole 14 is | ocated

at atip 1 f,the ultrasoni.c hqrn for. insertin fast eni ng, a

capi || ary. FISud e AN fsomERG gt ApPiiasphicdpTs mecOmiad 1o ArmecrgarsEsress can
be | ocat edgpihdefifi8ht BraRklinHtiodependi ng on the design and use of the horn.
30 The horn 10 I's connected to an ultrasonic driver (not shown) that is

confi gur ed to -5- generate ultrasonic oscillation along an oscillation axi S
17 tha ralle] to the ,longitudi axis 18 the horn 1 F

an i sl FICR: 4@ 1 EnarRFRaORME Hofle LrEios Bomd Sererien® e el 1 ary
2"20° nount Prefeftba dribodiitt 3dRing drofh ARBCHGE I emale ay %dOFIGh? RstRatirg hol e
14 is larger than a cross-secti onal area of the capillary The capillary
20 has a thepmarmey in wWhictpattipr oliie witrasonib dodn mgnvibe mampulattdatmdsezmmeha]g

force and I?;8\6\fﬁary in a mounting hole;

15 FIGs. 5a to 5¢ are plan views of an ultrasonic horn according to the second
preferred embodiment of the invention looking from direction A of FIG. 3 including

recesses formed in the mounting hole that are shaped to receive a capillary; and
FIGs. 6a to 6¢ are plan views of an ultrasonic horn according to a third preferred
20 embodiment of the invention, wherein the mounting hole includes three gripping

positions to grip a capillary.

Detailed Description of the Preferred Embodiments

25 FIG. 1 is an isometric view of an ultrasonic horn 10 including an arrangement for
holding a capillary according to a first preferred embodiment of the invention. A
mounting hole 14 is located at a tip 12 of the ultrasonic horn 10 for inserting and
fastening a capillary. However, it should be appreciated that the mounting hole
14 can be located at other positions depending on the design and use of the horn.

30 The horn 10 is connected to an ultrasonic driver (not shown) that is configured to



applied at the capillary tip 22. Wien the ultrasonic horn 10 is driven by
ultrasonic drivers in use, the capillary 20 is driven to oscillate al ong
the oscillation axis 17 10 that is parallel to the |ongitudinal axis 18 of
the horn 10. FIG 3 is an isonetric view of an ultrasonic horn according to
a second preferred enbodinent of the invention. In this enbodinent, a slot
16 is |ocated adjacent to the nnunting'%ole 14, preferably opposite a

di stal end of t

12, 1t is ned 15 h the hoIe 4 along a
ong: t udr napnerare uitenic netitedor slshdan csclglidn @ 77 dRbl ReRRIRL 1t ho! <
14 by a pojongitildiphl bXis 18%fMhdhord e, sl ot 16 is positioned such that an edge
of the nmounting hole 14 next to the slot 16 is configured to flex in the

direction of the slot 16 when a conpression force is exerted on the sides

of the tip t he horn 10. A advant age .of thi i,gn is.20 th a
por {1 on of FIthe? e faaneiigmieus of it RRRETR 4iokn 18 1 G d3Rokfisias raBlipd of
the hogn 38 mheurmbl OMed jtt %éh%ll cHBéssﬁtioﬂ‘éA Qfe%aéﬁ'he%%hﬁ}ﬁb E]Blebﬁ is .
achieved for the nounting hole 14 genera In the tirst enbodinent, this
portion of larper thamei ¢rgss-i$ebttona¢ arear@ﬂ thte ceplyalrym?@ r Tog d:apﬂlﬁryflzeshasm to 4c
are plan V|e of .t ultr ni c . horn 10. acc toth first referred
rboui mont CHURRDHP 22 dHouoR SRFE RORIB s fead ppiging orael Sty pBIVERS 't he
manner in %b at t‘thbajp?IlaQ%tlb@ L\Mfeﬁstﬁé'Lﬁterﬂc ﬁ@rﬁ@@l@&ﬂ»‘@ﬂbfﬁlt?és%ﬁléo
secure a capillary 20 I'n e nounting hole : 4a, e Is no force
acting ondtiverstinpuse toé cabitlaho?f |&@1nvandotmlllawMQnggtHeobsclllathmageriéfr ally

ot o 110 i < a5 bRl PR 45hgl e AN BRI B 40 The "capi 1 ary 20, The

el i ptical nounting hole 14 -6- conprises two primary widths. A first wdth,
wr, of such ellipse that lies along a first axis or longitudinal axis 18 of
the horn 16I1Gs3 mhlmmetmmlawmf(ﬂmUMasohls hqrapa'dcbadlgg 20 a secondqmeferiatt h,

12 O X B B Voo IR o4 o BTG Sk
20. This emmnhhgthowwamféﬂawoasosufe Srdlé-’taleén@bfﬂfé fip 5122l @"yaﬁén%d' rst
15  with the mounting hole 14 along a longitudinal axis 18 of the horn 10 and is
divided from the mounting hole 14 by a portion of the horn 10. The slot 16 is
positioned such that an edge of the mounting hole 14 next to the slot 16 is
configured to flex in the direction of the slot 16 when a compression force is
exerted on the sides of the tip 12 of the horn 10. An advantage of this design is
20 that a portion of the periphery of the mounting hole 14 furthest from the tip of the
horn 10 is allowed to flex and thus allow greater flexion to be achieved for the
mounting hole 14 generally. In the first embodiment, this portion of the mounting
hole 14 is relatively more rigid.

25 FIGs. 4a to 4c are plan views of the ultrasonic hormn 10 according to the first
preferred embodiment looking from direction A of FIG. 1 and FIG. 2, illustrating
the manner in which a tip 12 of the ultrasonic horn 10 can be manipulated to
secure a capillary 20 in the mounting hole 14. In FIG. 4a, there is no force acting
on the tip 12 of the horn 10, and the mounting hole 14 is generally in an elliptical

30 shape at rest. The cross-sectional area of the mounting hole 14 is larger than the

cross-sectional area of the capillary 20. The elliptical mounting hole 14



or longitudinal axis 18 of the horn 10 when the capillary 20 is inserted and
fastened. Additionally, the capillary 20 cannot be inserted into the
nounting hole 14 without the application of a flexion force on the sides of
the horn tip 12 (as described below to flex the edges of the nounting hol e
14 so as to increase the 10 width of the nmounting hole 14 along the

| ongitudinal axis. In FIG 4b, flexion- forces in the form of conpr essi on

forces 24 that.are parall el th co. Xi s are erte th S|des of
e hor o o ristscR BBimaRs widthse, 5 PSSRt i of Syt @ Pseahaf g o
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hole 14 is reduced while sinultaneously, the first wdth of the nounting
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substant i airl gongitedmahraxm 18t ot the dmn sﬁbtwhmalthmmﬂhry t20e isminseriedgandl e 14
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necessary for mountin he capillary . However, a jigw
is cont rold@@rlbedcbehw))toeﬁ@( theeedgfemotirp maubgrngahpleeu@seraa hoeldcraasetthece is

prefer ble t | eve consjste i n.he di.stance or anmount of conpression
to be ppl\?"gﬁ1 MPHRY '&b@lt? ﬂ‘fglﬂﬁ‘s thﬁﬁ?ﬂ@ﬁ’&'r}%@é'sm are sufficiently
flexed to fit the capillary 20, the capillary 20 is inserted. 30 -7- In FIG
4c, once the capillary 20 is properly Positioned, the conpression forces 24
are renoved. FlGaébeﬂgmgno‘omelsenrtbeﬁMmg n@merassm farces24 that aretparalleldot hei r
ori gi nal posi tions t h of

fl
mount | ng 61 SECoRARTRGNE RRCTEAG a SP ot the T RB,13 I heg ths hodes ot
thereby ex@etfiguftihg Rle 14 along the longitudinal axis 18 of the horn 10. The second

15  width of the mounting hole 14 is reduced while simultaneously, the first width of
the mounting hole 14 along the longitudinal axis 18 is expanded. The change in
the shape of the mounting hole 14 makes it possible to insert a capillary 20 once
the first width is larger than the width of the capillary 20. Unlike in the prior art, it
would be noted that the cross-sectional area of the mounting hole 14 before

20 application of the flexion or compression forces 24 is substantially the same as

the cross-sectional area of the mounting hole 14 during application of the forces.

The compression forces 24 may be provided in a variety of ways, such as simply
by using a pair of pliers to compress the sides of the horn tip 12. Accordingly, a

25 special tool is not necessary for mounting the capillary 20. However, a jig with a
clamp that is controllable to compress the horn tip 12 by a predetermined
distance is preferable to achieve consistency in the distance or amount of
compression to be applied. When the edges of the mounting hole 14 are
sufficiently flexed to fit the capillary 20, the capillary 20 is inserted.

30



5 capillary 20 by the elastic force of the horn material tending to return
the nounting hole 14 to its original shape, and the capillary 20 is nounted
and secured. In particular, the two gripping positions of the mounting hole
14 on the capillary 20 are |ocated along and substantially apply gripping
forces that are parallel to the oscillation axis 17 or |ongitudinal axis 18
of the horn 10. Therefore, 10 the capi Fifary 20 is nore effectively secured

along its os |I tion d rectl p2\agrallel to the | ongi tudi nal axis 18 of the
horn 10. AN AN ﬁr‘@ 3{% ISuRropery Pogitiangde Hig CRBIPREYORIREESI ng t o

the secondy g é?&hb@@qg"f‘?ﬁdég@é& ofgghé %dnﬂﬁgﬂdl 24' WAkend tBrr% 1@%@E|r°” A

of FIG 3 |nc udi ng rece forme nount | ng ho at are
shaped to ar@mlvmftemalppbd;mmyszmeréby Ebﬁ?(raétmg tinee fiesti widtlo dfotheenamiting on
the tip 1 the horn 10, and  the untln 14 s generally in an

el liptical <§ éﬁeﬁaﬂg F@fO”Q&HHFW' aKe rétgr' %ﬂfﬁ%ﬂﬁ thexghly exefrie! %f & op thehe

ount | QQOP%HQ‘ eajrﬁ 26‘% ‘ilﬁ% %lﬁ@tlé ofce° of thE 9@4 drigf ‘Pé\%lbm&ftrc]) P8I Yrpnal

axis 1 orn are s ed In OI’I’TB.I’]CG a portion of a

ci rcunfer emoantirig thdae claptd litsr gr@aal §hape eand stdae céiﬁllawezo ds nmduhted endi ve
the capillary 2 nd nmay enabl e the npunting hol e 14 t nore readil
recei ve t EEERH| I'&Pﬁnﬁ‘@' QIpBW M%gﬁBB'PQd?ﬁﬁ't&Fsd? thﬁé"@%"r‘rtmgaggieom opdhges 24.

25 | FI G f 12
of the  necbnasy P BRE Joedled MERT o BBENEAL Ao oSy HFe! k! P
| ongi t udi rmérabedlte tﬁ@osoﬂlamdmaah:srﬁ didon@iudinalexie d§ e tld hoire1 0o Tihierefgrd)ol e 14

aI ong the |ongit axis 18 are sufficiently flexed to fit the capillary
0, tHO cd bﬁlqa&“ %% '§ MR PHget!v Se%@ﬂtéﬁﬁ’i‘@&s ﬁta@onmrqet@ %a?éi

cap| | aryst%QhQ Qgefézéf%splér ofged and the conpression forces 24 are

renoved nce t recesses are s aped according to a portion of the
circunference of the capillary 20, the capillary 20 fits nore snugly in the

FIGs. 5a to 5c are plan views of an ultrasonic horn 10 according to the second
preferred embodiment of the invention looking from direction A of FIG. 3 including
15 recesses 26 formed in the mounting hole 14 that are shaped to receive a
capillary 20. In FIG. 5a, there is no force acting on the tip 12 of the horn 10, and
the mounting hole 14 is generally in an elliptical shape at rest, as in the first
embodiment. Additionally, the mounting hole 14 includes two recesses 26
aligned along the longitudinal axis 18 of the horn 10 that are shaped in
20 conformance with a portion of a circumference of the capillary 20. The recesses
26 are formed to receive the capillary 20 and may enable the mounting hole 14 to
more readily receive the capillary 20 upon the application of the compression

forces 24.

25 In FIG. 5b, compression forces 24 are exerted on the sides of the tip 12 of the
horn 10 to flex the edges of the mounting hole 14 along the longitudinal axis 18
of the horn 10. Once the edges of the mounting hole 14 along the longitudinal
axis 18 are sufficiently flexed to fit the capillary 20, the capillary 20 is inserted and
positioned.
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nmounting hole 14. 5 FIGs. 6a to 6¢c are plan views of an ultrasonic horn 10
according to a third preferred enbodi nent of the invention, wherein the
nounting hole 14 includes three gripping positions 30a, 30b, 30c for
gripping the capillary 20. In FIG 6a, the nounting hole 14 is at an

unfl exed position. Three recesses 28 are forned in 10 the nounting hole 14
I n between the three gripping posi ti ons830a, 30b, 30c. In FI G 6b, when

corrpre55| ces 24 ar |ed o0 the t| 12 of the rn 10 adjacent to
Che” mmant IRG Bb1 55, 15 el 20Ras keehuRPeRY Hstioned 2R dhercomessian. of

the horn ¥grdeg 24 b@"@i‘né\ﬂbd '§%cé§h§ﬁ@ﬁ&§e%*§néﬂéﬁﬁd{i%‘aa%?dﬁ Horfign

conpression forces 24 are applie e second axis
19 such tdfahetdieuhiferencei aft theotapiltary rafl) thé rogphilaine 204fital more sheglydndghé udi nal
axis 18 of the horn éo i s expanded to allow a capillary 20 to be inserted.
Once the vinaumting holeplé. npunting hole 14 along the |ongitudinal axis is |arge
enoughgt o acconmodate a capillary, a capillary 20 is inserted into
position. 20 In FIG 6c, the capillary 20 has been positioned and the
conpr essi dfiGsor@aeto Bt apg ¢lare visvesl .of | am tutrasanid ddirmet0 ,accbedingdess &hir@8 ar e
illary 20 at

R T TR A TR R ML
2P L, TIGpEAARIR 0p S04 S R R S ER 20 3981
l'i es al onghemmeolnting haldildab abensurfiexed posiionorThréd.redésses@thare fprinpdiing
ey 1B the GG Bt eR tia TrRg oropiRgr pasiions WA R RNt & t hat
are parallel to the oscillation axis 17. In this way, the capillary 20 is
gri pped 30 securely along the oscillation axis 17 as the gripping positions
30a, 30b, 1AGEIGr6D, v@werscmmpressimn@ncles 24 sartbApplied &0 Ithe dipp1 3 of the berrt M@t are
paral | el ta(ljd :gcr:]eent?o (fhe lmaotuin(t)iﬂg?\)(()iles 14, an edge of the mounting hole 14 at a distal end

of the horn 10 is allowed to flex to expand the mounting hole 14. The
15 compression forces 24 are applied on the horn tip 12 along the second axis 19

such that the first width of the mounting hole 14 along the longitudinal axis 18 of

the horn 10 is expanded to allow a capillary 20 to be inserted. Once the width of

the mounting hole 14 along the longitudinal axis is large enough to accommodate

a capillary, a capillary 20 is inserted into position.
20

In FIG. 6¢, the capillary 20 has been positioned and the compression forces 24

are removed. In this embodiment, the recesses 28 are preferably formed such

that the mounting hole 14 grips the capillary 20 at three gripping positions 30a,

30b, 30c around the circumference of the capillary 20. The arrangement of the
25 gripping positions may be generally triangular. In particular, at least one gripping

position 30a preferably lies along the longitudinal axis 18 of the horn 10. The

other gripping positions 30b, 30c should preferably also act on the capillary 20 in

such a way that they provide gripping forces that comprise force components that

are parallel to the oscillation axis 17. In this way, the capillary 20 is gripped

30 securely along the oscillation axis 17 as the gripping positions 30a, 30b, 30c are



17 or longitudinal axis 18. At least a portion of the horn 10 at which the
mounting hole 14 is formed is 5 preferably made fromtitanium Therefore,
the horn 10 could be nanufactured fromone single piece of material that is
made fromtitanium or it could conprise two or nore pieces that are
connected together. In the latter case, it is preferred that the piece of
material at which the nounting hole 14-i9s forned is made from titanium 10
It would be appreciated that since there is no need to use screws to provide
cl anpi ng fsdiflcarEangqd tehawkstantiallycapplpifpicesthaharehparalsl to thepegillation axis

enbodi nent i li@n, a purer longitudinal oscillation or vibration
of the caﬁﬁ]§épvb@§#hgggﬂgé§ieved and conventional problens relating to the
screws wearing off can be 15 avoided. A sinpler design is possible such that
ultrasonic properties of the bonding tool can be nmade nore consistent. The

si npl er deAl pashiasportiesupt the hored at whishithe roewling holeadd igufermed is

or of or Pea IS aRYSERE TR Raphitt, THEretcR e bl PoREARL BelPahreolieg o 1

a direct cpdfrgtrssiMgle piets of nivterifythat fs maidedrath titaiam, a8 itl dbuld BYRIprisenal
bondi ng tools using screws. As a result, a lesser clanping force to the

capi | | ary tWe eramare piecafdhathaneccannectedstagetirer. dn the datiaraasent) isorefeaedt he

axi o of 1 riehienbieBR ihRftrlA SRR 4# hoRhofghBidaals AL fRRd et "

| ongi t udi nghniyh®rati on of the capillary when ultrasonic bonding is carried
out. The invention described herein is susceptible to variations,
qodi fil®ati ons and/or additions other than those specifically described and

modi 11 cat | oAOUT AR, ABRisertb 08 b e s 4B B Vo Sty B RV BEG e o
the above ¢grpingforess for Hourtngy tMe:capillary in the above preferred embodiments of
the invention, a purer longitudinal oscillation or vibration of the capillary can be
achieved and conventional problems relating to the screws wearing off can be
15 avoided. A simpler design is possible such that ultrasonic properties of the
bonding tool can be made more consistent. The simpler design also results in

easier manufacturability and quality control.

Another advantage of the capillary holders according to the preferred
20 embodiments of the invention is that the capillary is held by a direct compressive
force, not by a frictional force as in conventional bonding tools using screws. As
a result, a lesser clamping force to the capillary is required and there is less wear
on the mounting hole of the horn. Further, by gripping the capillary at points
along the longitudinal axis of the horn, the capillary can be held more securely

25  during longitudinal vibration of the capillary when ultrasonic bonding is carried out.

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

30 within the spirit and scope of the above description.



1. Acapillary holder for nounting a capillary onto a horn conprising the
capillary holder, including: 5 a nounting hole fornmed in the horn, the
nounting hole has a first wwdth along a first axis that is snaller than a
wi dth of the capillary and has a second w dth along a second axis
perpendicular to the first axis that is larger than the wdth of the
capillary, wherein the horn is of such material wth such elasticity and the
mounting 10 hole is configured such tH&- application of a flexion force to
t he horn t&;&ﬁﬂ§fe the second width sinultaneously expands the first width
so as to f =capillary when the first wwdth is larger than the w dth of
the capillary, and renoval of the flexion force contracts the first width
whereby to grip the capillary using an elastic force of the horn. 15 2. The
capi | l ary Rol def eapillaryihalden foronaunting anpapilay emte a&drainiconaprising the

oscillate cil | on axis in use and the first axis is parallel to
said osci %@F@gﬂ{bﬁeﬁsfnc@g}r{\g The capillary holder as clainmed in claim1l or
clai m 25 wher ei a mbentfrigeholerforrhed ¢e tive Mprn, She rnoenting holeehasoatirsiswidén f or ces

acting on the horn that are arallel to the second axis. 4. The capillary
hol der as @loABrRATStAximipa it suallenthan, a widthnef BeLarilary 2i3d sy aisgCeNd

cross- sect WIRlaIfiES SoghbepP PBHIRAIARaC BedERLRE hAPR A ddn thect| ona

area of the capillary. I I'ary hol der as claline aim 4,
wher ei n t hwidthtoftheatapllaryhe horn is such that the cross-sectional area of

t he mounting hole before application of . 30.the flexion force is .
substantial Ly t HeeEinihea0ws of 3yct Taderialitn Sich sTashoRyand s, merntidol o
dur i ng1@pPhbRras icenfigiret Rach tiritiapplicioneof a fickiorPfordd1® theMorh & dedueb @ies as
clainmed in any one of the preceding clains, ) _
second width simultaneously expands the first width so as to fit the capillary
when the first width is larger than the width of the capillary, and removal of the
flexion force contracts the first width whereby to grip the capillary using an elastic

force of the horn.

15
2. The capillary holder as claimed in claim 1, wherein the horn is driven to
oscillate along an oscillation axis in use and the first axis is parallel to said
oscillation axis.

20 3. The capillary holder as claimed in claim 1 or claim 2, wherein the flexion

force comprises one or more compression forces acting on the horn that are

parallel to the second axis.

4, The capillary holder as claimed in any one of the preceding claims,
25 wherein a cross-sectional area of the mounting hole is greater than a cross-

sectional area of the capillary.

5. The capillary holder as claimed in claim 4, wherein the material of the horn
is such that the cross-sectional area of the mounting hole before application of
30 the flexion force is substantially the same as the cross-sectional area of the

mounting hole during application of the flexion force.



I ncluding recesses forned in the nounting hole that are shaped in
conformance wth a circunference of the capillary. 5 7. The capillary

hol der as clainmed in any one of the preceding clainms, including at |east
two gripping positions forned in the nounting hole such that each gripping
position is adapted to apply a force that is parallel to the first axis for
gripping the capillary. 10 8. The capillary holder as clainmed in claim7,
wherein the nounting hole conprises tAdee gripping positions for gripping

the capillary. 9. The capillary holder as clained in any one_of the
precedi ng &l ai nkhe qaﬁ&'?[bdl'\ﬁ’@eé 3 gHlaimadmiy any PR ofobe REBceding claimshe

mounti ng b | tion of
the horn andeoReiecney ke e GRS a2 shafed i) Eobrial® 1 0
The capi l Iwmyatmﬂcdmferascebétheecaplliamny one of the preceding clains, wherein
the nounting hole is elliptical in shape. 20 11. The capillary hol der as
claimed in any one of the preceding clains, wherein at |east a portion of

the horgy af. whiThe tdapillaRy Holdk BQI@amﬁedfmrmng bRe orRER fp?&i@d‘idgt i 25 12.
The capillary holder as clainmed in any one the preceding clains, wherein

a cross- se@cﬁﬂm atileast byo @ﬂ@PWUWS'WShfﬂr@eddﬂ dhe ra@tmtlr\galmlersuoh that

mount i ng  Fes 00t HoRREh Tt AebleS B R BrcE fEF B EBIAE nEiRR s 11

for gripping the capillary.

10 8. The capillary holder as claimed in claim 7, wherein the mounting hole
comprises three gripping positions for gripping the capillary.

9. The capillary holder as claimed in any one of the preceding claims,
including a slot formed in the horn adjacent to the mounting hole and that is
15 divided from the mounting hole by a portion of the horn and is aligned with the

mounting hole along the first axis.

10. The capillary holder as claimed in any one of the preceding claims,
wherein the mounting hole is elliptical in shape.

20
11. The capillary holder as claimed in any one of the preceding claims,
wherein at least a portion of the horn at which the mounting hole is formed is

made from titanium.

25 12. The capillary holder as claimed in any one of the preceding claims,
wherein a cross-sectional area of the mounting hole before application of the
flexion force is substantially the same as a cross-sectional area of the mounting

hole during application of the flexion force.



