-1- TRANSDUCER TOOL HOLDER FIELD OF THE | NVENTI ON 14 FEBRUARY 2006 5 The
invention relates to transducer horns used in the bonding of wires to

bondi ng pads, and in particular to the support of a g3FpREeARY 200d"
ul trasoni c transducer horn for use in A wire bonder. BACKGROUND 10 Japanese

Pat ent Abstract 11121546A2 "Capill ary-hol ding structure of ultrasonic horn"
describes a capillary held iq rt jch is clanped around the
capillary by a transverse bol er and screwed into a
nut. 1s The mass of the transducer horn in this prior art arrangenent is
unbal anced due to _the head_of the bolt |ying on one side of the transducer
tip. This i FEHDLRETHE INKENTION ¢ r ansducer ti ptotwst or sway as it is
advanced toward the bonding site. United States Patent No. 5,180, 093
"Apparatus for ultrasonic bonding" describes a 20 bonding tool carried in a
passage i n Theinveptiai reiates|te rtragaguqerthpmsw@en.the\bpndleadéaw@éttownéwgat t he

tip forces é%@a,%ﬂg'i? ﬁgﬂiicHl%P t&fﬁ%%%pﬁ#.o?%%‘ap@ﬁ fiﬁ“aﬂ%lfr&&d?@tr?ﬁéo%gﬁr&orho

secure the e transducer. is ar ement does not provide an
ef ficient tfoanséaraasfireldondasoni c energy due to the small area of contact
between the transducer and the tool. 25 In both the prior art arrangenents
cited above, the transducer capillary or tool experiences a reduced
vi brati on aBACGKGROUND ul trasonic frequencies due to the additional nmass of
t he mounting screw and associ ated hardware whi ch absorbs kinetic energy for
its notidn.

Japanese Patent Abstract 11121546A2 “Capillary-holding structure of ultrasonic

horn” describes a capillary held in a slotted aperture which is clamped around the
capillary by a transverse bolt fitted through a washer and screwed into a nut.

15 The mass of the transducer horn in this prior art arrangement is unbalanced due to
the head of the boit lying on one side of the transducer tip. This imbalance causes
the transducer tip to twist or sway as it is advanced toward the bonding site.

United States Patent No. 5,180,093 "Apparatus for ultrasonic bonding" describes a

20  bonding tool carried in a passage in the tip of an ultrasonic transducer. A threaded
set screw at the tip forces the tool against edges and flat surfaces in the passage
to secure the tool to the transducer. This arrangement does not provide an
efficient transfer of ultrasonic energy due to the small area of contact between the
transducer and the tool.

25
In both the prior art arrangements cited above, the transducer capillary or tool
experiences a reduced vibration amplitude at ultrasonic frequencies due to the
additional mass of the mounting screw and associated hardware which absorbs
kinetic energy for its motion.

30

Also, the additional mass of the clamping hardware at the tip of the transducer
drastically reduces the low frequency resonance of the tip (i.e. below 2000 Hz) by



30 Also, the additional mass of the clanping hardware at the tip of the
transducer drastically reduces the |ow frequency resonance of the tip (i.e.
bel ow 2000 Hz) by -2 14 FEBRUARY 2006 ag | east 100 Hzy4 FRAREARY BGog ESONant
frequency at the ultrasonic frequency réange and increases the |Inpedance of
crystals in the ultrasonic transducer. Furthernore, arrangenents requiring
adjustnment of a threaded screw to tighten the tool or capillary nmounting
Sutfer ot iU R tRebfen e outt aoer i BE iftsoRG PR Rty FERGE dus o
hunan error apd intesasRk theinhRsdadbe oNciybalstihghé anmiasanit aaaseuceappl i ed by
production technicians. Still further, sg};hﬁms Si ”ﬁ a .t hreaded fastener
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suffer, ovefYrtherore, arangemenis regunng @ eRAed SEEEWH &P éigﬁﬁf‘o whi ch

it is fitteghe VS REpiflakytMBUNtHRY SUiffedfRdn QBriatibr B ElbAPFETored at ey thol-and
difficulties in aerI ying the correct torque to provide consistent
ti ght eni hg BOrM ingerfass) dye t Rumasy RTTOURT tOAM&L ¥aradiopainethe tighteming orqueg

"Utrasonicgy [e'atf ro&uaﬁﬁ%&%iﬂgrﬁ)ﬁr atus” describes a capillary mounted in
a hole in an ultrasonic horn. The capillary hole is conmunicates with a

paral |l el second hole by way of a slot. A non-circular jig tenporarily

| nser ted i nkgy b AP SGANTDBLifg - inf B ERMLARR I8 (AL RSt fre
all owi ng insertion’or renoval“of a capillTary tool’. Upon a second rotati on of
the jig, ttecadpnd the thréades hadé intosvhidwhislfittdds causigg fiathesidederiaratipn ip t he

capillary. [Thi rovides a 2 repeatabl e.attachnent of the capillary to
the tr anbautarsed iy Fhd FfediB T e PRere st “loradkt dBIVERT Y or
screw. Howey@tsistehietightestng bithe adolttdnehe hagn. f r om above, and the rotation of

the jig to mani pul ate the size of the capillary hole, can apply undesirable
forces to the Z-axis assenbly of the bondi ng apparatus. 25 SUMVARY OF THE

| NVENTI ON  United States Patent No. 6,422,448 "Ultrasonic horn for a bonding apparatus"
describes a capillary mounted in a hole in an ultrasonic horn. The capillary hole
15 communicates with a parallel second hole by way of a slot. A non-circular jig
temporarily inserted into the second hole is rotated to widen the capillary hole
allowing insertion or removal of a capillary tool. Upon a second rotation of the jig,
the capillary hole returns toward its original size to grip the capillary. This provides
a more repeatable attachment of the capillary to the transducer, than systems
20 requiring adjustment of a threaded bolt or screw. However, the insertion of the jig
from above, and the rotation of the jig to manipulate the size of the capillary hole,
can apply undesirable forces to the Z-axis assembly of the bonding apparatus.

25 SUMMARY OF THE INVENTION

It is an object of one embodiment of the invention to provide a capillary-horn
mounting system which reduces at least some of the problems identified above
with the prior art.

30
In broad terms in one aspect the invention may be said to consist in a tool holder
having at an end portion thereof a transverse passage for clamping engagement



It is an object of one enbodi nent of the invention to provide a
capillary-horn nounting system which reduces at | east sone of the probl ens
identified above wth the prior art. 3Q In broad terrsFEBRUARYAS@®Ct t he
invention may be said to consist in a tdol holder having at an end portion
thereof a transverse passage for clanpi ng engagenent -3 14 FEBRUARY 2006 of
part of a tool, the ssage beln i nt.e sec aflrst sl ot t he
Prrst sl ot ShPaRtabs Bl MEAPe3anE DEInSJR TR Y SHBF A WEE R s eEaPh: o
arnms havi ngdivice® tie $hal porteditlst the tobleforder ity twb lkepbead ahas daving fiddeudistal an end
wal | which is spaced from and extends over, the distal ends of the arns
and has a s8B8®d slot which is substantially aligned with the first slot.
10 ]5 Preferably, the width of the second slot is greater than the w dth of
the first slot. Preferably the tool holder is part of a bonding transducer.
Pref erabby, Pfﬁérqwblth%tﬂoélépld%'”&Wdﬁﬁtaf‘ﬁ‘érﬂ’%“ whigh dgisRagedirm, 5!’6199 Pndi ng

appar atus. Prgf E%ﬁ?tb'lé{al LA bPYe ‘aﬁn$ draPhad aré/ecoﬁa%@g]@h{gx is Lt stdriafy S{j‘“

extends fromthe free distal end the arns rou passage,
into the toelignesl wigh thecystrsiot he passage. 20 Prefer abI y, the passage is
cylindrical. Preferably, the end wall is joined to, and spans between,
respective distal ends of

Preferably, the width of the second slot is greater than the width of the first slot.

10
Preferably the tool holder is part of a bonding transducer.

Preferably, the tool holder is an ultrasonic transducer horn for a bonding
apparatus.

Preferably, the tool is a capillary.

Preferably, the first slot extends from the free distal ends of the arms, through the
passage, and into the tool holder beyond the passage.

20
Preferably, the passage is cylindrical.

Preferably, the end wall is joined to, and spans between, respective distal ends of
a pair of substantially parallel side walls; the end wall and side walls extend over,

25 and are spaced from, the arms; and the side walls are provided with respective
apertures which form continuations of the cylindrical passage.

Preferably, the passage is circularly cylindrical.

30 Preferably, the first slot has substantially parallel and planar side walls.



a pair of substantially parallel side walls; the end wall and side walls
extend over, 25 and are spaced from the arns; and the side walls are
provided with respective apertures which form conti n4FEBRYAKY 2006
cylindrical passage. Preferably, the pa§s'age is circularly cylindrical. 30
Preferably, the first slot has substantially parallel and planar side walls.
-4 14 FEBRUARY 2006 Preferabl K the first slot has substantially parall el
and pl anar Sreferakdy. tbediet slphaggpkstantialijpargiel midi Riananside pyllsi and the

substanti al Eyls%‘?'iff@gﬁine%é}rpa%%éeh@ sWB!stbﬁtué?lfy densertdi@iiar to/fﬂ\é falabf thelstot. the
first slot has substantiall Bara el and planar side walls and the axis of

the cyl i ndr Abamagiuelyatie first dabbesnaubsiantiallppasliebrnd planse side walloand the si ot .
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conbi nation of parts ment 1 one
acconpanyi ng drawi ngs. Known equivalents of these parts or features which

are not exp BRI EF
DESCRI P ONTEE TSR Relelub s S e BBt 4F SRkl SoBPelib Rl pd % om be
descri bed, by ferxayretsf mentmsrpddeherem wr ahohvmvnm hlmenaci:mhpamulmm drawmgsl i Knawmg,

W th referencetof f% \r?/g %%\({) Fi q n_isonetric
view of an ERWVAEPISR e%\ef toé %terrﬁem arg ’éﬂfaé? of%i A to the
current invasavértheleds dpentedtoshoinsludesdi de vi ew of the end portl on shown in

Fi gure 1Ib Figure 3 shows an end view of the end portion shown in Figures 1
and 2,

BRIEF DESCRIPTION OF DRAWINGS

A preferred embodiment of the invention will now be described, by way of example
only and without intending to be limiting, with reference to the drawings of which:
15
Figure 1 shows an isometric view of an end potion of a first embodiment of
tool holder according to the current invention,

Figure 2 shows a side view of the end portion shown in Figure 1,
20
Figure 3 shows an end view of the end portion shown in Figures 1 and 2,

Figure 4 shows a top plan view of the end portion shown in Figures 1 to 3,

25 Figure 5 shows an isometric view of a sectioned portion of the end part
shown in Figures 1 to 4, the section taken at the vertical plane A-A as
indicated in Figures 2 and 4,

Figure 6 shows an isometric view of a sectioned portion of the end part
30 shown in Figures 1 to 4, the section taken at the vertical plane B-B as
indicated in Figures 3 and 4, and



Figure 4 shows a top plan view of the end portion shown in Figures 1 to 3,
25 Figure 5 shows an isonetric view of a sectioned portion of the end part
shown in Figures 1 to 4, the section taken at the veri4 CEBRPDARYE2606A as
indicated in Figures 2 and 4, Figure 6 shows an isonetric view of a
sectioned portion of the end part 30 shown in Figures 1 to 4, the section
taken at the vertjcal _plane B as ,.indicated in Figures 3 nd 4, and -5 14
FEBRUARY 2006, Fi GIGEE 7' SHONR: SadSTBiEre s O 2 aP GIondoRacton s e SMET A of t he
end part shown gfovim ¢HFRfirds Qo 4, th@@eétﬁiht!aﬁénfa@lﬂ%l hatizélig! hané 2ootad  pl ane
C-Cas indicated in Fj %ur es 2 _and 3. 5 DETAILED DESCRI PTI ON OF A PREFERRED
EMBODI MENT Ref er hdifgtedintiguras 24N9g%: it will be appreciated that a tool

hol der for an ultrasonic transducer nmay be inplenented in various forns.
The follow ng enbodinent is io0 described by way of exanple only. It is to
be under8tood that references to up, down, above, below, upper, under,
undersi de, bl PIFESCRAFHON bE/K pneminestﬁmégmﬂ NTsi de, horizontal,
vertical, an ot er sim erences Irections or to the
relative positions of 15 conponents or features descri bed, are given only
for the con i wher e

i nappropri a@?érﬁﬁgﬁ%%ec%%ﬁgﬁ |P$/J|IP€%%Bgrrel%Laﬁ a(li)’% t(lép Pﬁ(?]laéro@?tapgﬂirg%% {%he horn
as shown bytrahsduceomedy be impmentted ki gamcmslf,ormn.d 'Iéheefdﬂowlrtgoednbommwt isued as

[imti nqot hgescr etatblyovr‘}ay Ofeax%pqg%ll cular orientation 20

It is to be understood that references to up, down, above, below, upper, under,
underside, front, rear, left, right, inner, outer, end, side, horizontal, vertical, and
other similar references, e.g. to directions or to the relative positions of
15 components or features described, are given only for the convenience of
description and are to be understood, unless where inappropriate, in the context of
the orientation of the portion of the horn as shown by the isometric view of
Figure 1, and are not to be construed as limiting the invention to any particular

orientation

20
The figures show an end portion 1 of an ultrasonic transducer horn which is
adapted for holding a tool (not shown). In a preferred application the tool is a
capillary used for wire bonding and is made by sintering a powder to provide a
ceramic capillary with tightly toleranced dimensions.

25

The end portion of the transducer horn is machined from bulk material by the

combined use of wire-cutting and an Electro-Discharge Method (EDM) to form a

passage 2 between two resilient arms 3 which act as jaws to clamp the tool in the

transducer horn. The passage is shaped to correspond to the shape of the shaft
30 of the tool which is preferably cylindrical and more preferably a circular cylinder.



The figures show an end portion | of an ultrasonic transducer horn which is
adapted for holding a tool (not shown). In a preferred application the tool
is a capillary used for wire bonding and is nade by siFEBRUARY2@Wer to
provide a ceramc capillary with tightly tol eranced di nmensions. 25 The end
portion of the transducer horn is machi ned frombul k material by the

conbi ned usz of V\,ir\%cuttin and _an EI oD|s j e thd E% to forma
passage 2 béDPGE ePé%?"} ﬁsraa?vﬁ,rsea e&?”&&"l iy %’gﬁl 3 gxig| RY5B- t ool
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the shaft 30 of the too| [ refe%é;\ dr| &rmre referably
a circul ar HgDPYRIES. P U%'”lﬁnF%ﬁﬂ' B st'-’c nya Eizordally
transverse tranw@saag@\m%émdr@hakmuméa%mw s of the horn I'n the

enbodi ment shown in the figures, the passage is substantially vertically

transver&e, but in an alternative enbodi nent nay be substantially

hor i zont al | ) wid &EYERAL oWk, the Basladel IR amh:fr' QRFRSHA has bhatdgl

enbodi ment , U assage 2 a circular as a natural
di anet er, i diametaenet woenthesamsanggotflessd df shghtbfllegihtﬂay thatsef thérshaft plat  of

the shaft of &u[‘alélgcd{/hﬁ&r#c% ﬁa& e Gfed ﬁOth hS)rrl?eT‘ﬁ@rtf)ble % rnhg)y The

tool, when Inser assage, secure t he
cl anpi ng of trtehpass’age &bbeid stelceral)olrsthmfruorofbyt the ctlmnbmgTdfetheIaaumlplatg:ut the
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horn or tool holder in the absence of any fastener such as a threaded screw or
bolt.
15
As may be best appreciated from the side view of Figure 2, a rectangular C-
shaped transverse slot 4 is machined in the tip of the horn. The upper, end and
lower inner surfaces 5, 6, 7 of this C-shaped slot define the upper, outer and lower
perimeter of the arms. The upper, end and lower outer surfaces 8, 9, 10 of the C-
20 shaped slot define the inner surfaces of upper, end and lower walls 11, 12, 13
which cover the two arms 3. The end wall 12 is joined to, and spans between, the
respective distal ends of the upper and lower walls 11, 13 which are substantially
mutually parallel. These walls provide a cover over the tool-holding arms of the
horn to protect the arms from damage.
25
The arms 3 are separated from one another by a further slot 14, as may be best
appreciated from the top plan view of Figure 4. The slot 14 is substantially vertical
and divides part of the tip of the horn into the two arms. The slot 14 separating the
arms extends inwardly beyond the passage 2 but does not extend outwardly
30 beyond the outer end surface of the C-shaped slot. The axis of the passage 2 is
thus substantially parallel to the vertical slot 14.



15 As may be best appreciated fromthe side view of Figure 2, a rectangul ar
C- shaped transverse slot 4 is machined in the tip of the horn. The upper,
end and |lower inner surfaces 5 6, 7 of this C shapegy fkgR Y?{g ¢ he
upper, outer and |ower perineter of thd -arms. The upper, end an ?ower
outer surfaces 8, 9, 10 of the C 20 shaped sl ot define the inner surfaces of
upper, end and lower walls 11, 12, 13 which cover the tw arns The end

3.
wal | 12 is Pesfaediy dhe dhrge paissofbibeviidhe G-paaped-sigbd andethgi artigal &iisl4of t he

upper and | @yei h¥ $iSostantialP pifal &b SlasatidSnbishd ¥nowh iiRklngupar al | el .
These wal ls provide a cover” over the tool-holding arns of the™ horn to

protect the arnms from damage. 25 The arns 3 are separated from one anot her
by a furthep,s 4 regi f i ew of
F gure 4. TRt 15 BN he B w1l B8 i e SR bPRcdtB R0 10 71
of the hornendtvwiew loé Figure 3 1@ .pravide sicoesslip Hwpauterieng ohthe artieal estoteldds

i nwardly be age 2 but does not extend outwardly 30 beyond the
outer end Ség&%gtgnﬁ?gﬁﬁ% C-shaped slot. The axis of the passage 2 is thus
substantially parallel to the vertical slot 14. -7 14 FEBRUARY 2006
Preferably, _the thr arts of the.of the C-shaped slot 4 . the vertical
oot 14 oS fagiboind BarseoRis Gintien i eShECtiP Rrsedds, 6 ol IndhE 4B Hown i n
the figuresandovagrardiigrel, 13. iTheCatntintétiont fessage Wal 17 kb agisropiatelysizeaist
appreciated fromthe iew of Figure 3, to provide access to the outer

e. 5 end
end of the {ptaveaxaldnegrtianof theshalof frtogk ns. The tool - hol di ng passage i s
continued by respective passages 16, 17 in the upper and lower walls 11,

13. The continuation passages 16, 17 are a{)pr opriately sized )
The arms 3 can be flexed apart to open the tool-holding passage 2 by inserting the

thin end of a wedge (not shown) into the aperture 15 and into the slot 14 between
the arms. With the passage 2 wedged open, a tool may then be readily inserted

15 into, or removed from, the passage. Upon removal of the wedge, the flexed arms
close about the shaft under their inherent resilience and tightly engage the shaft of
the tool.

The degree of clamping of the tool by the horn is defined by the resilient flexure of

20 the arms machined from the bulk material of the horn and not by any adjustment,
such as the tightening of a clamping screw by a human operator. This absence of
a screw fastener to clamp the tool avoids the unbalance and energy-absorbing
problems of the prior art noted above, while at the same time providing a
repeatable clamping action. Furthermore, the tool can be replaced in a shorter

25  time than in the case of a screwed clamp, while still achieving a repeatable degree
of clamping. This is of advantage in a production environment.

The current invention also provides an improved dynamic rigidity as well as good
ultrasonic energy transfer at the horn-tool interface due to the repeatable clamping
30 and to the larger contact area between capillary and horn.



io to allow axial insertion of the shaft of the tool. The arns 3 can be

fl exed apart to open the tool-hol ding passage 2 by inserting the thin end
of a wedge (not shown) into the aperture 15 and into 4 EEBRUNARY 2008 Wween
the arns. Wth the passage 2 wedged op€err,” a tool may then be readily
inserted is into, or renoved from the passage. Upon renoval of the wedge,

the flexed arns ¢l ose about the shaft g‘ﬂ(gser their inherent resilience and
tightly eng&yPrPYidingihe armps 3 withdreg.distal A GPEILSH BOPUBNRGHPF MAYP] 00l by
the horn i'spdeéd ngdopan tthe fdzﬂ»hbndmgt pfals@a@erz B ingdHibmeofaamyedge hinn@sk from

the bulk material of the horn and not r% any adj ustnent, such as the

ti ght eni ng dngituginghshirasgor of &% bRrna The WecﬁRB“ﬁ@&P therhors infe 9pEraseN is screw
fastener to I&E@Wn e 1d gﬂbdlﬁﬂodlﬂit@ne TWiﬁb@l ﬁ%ﬁ‘s@m@ Sh & O ENP RaREREse

probl ens of t rior art noted above, whil e sane tine providing a
repeat ablbe ©r é@fﬁloﬁ@ bending forres Nhé}hrﬂﬂeeappﬂlﬁ@ t@(ﬂﬁﬂ heemwben ropghiagettieiterla
shorter 25 G i ving a
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rigidity as f

interface dffé CS'%?E’é‘ggg%é’é‘%S%@%g&”ﬁ{??ﬁ% 9% d’stsﬁé‘ M? %8’ @0910?@%'{ ar ea
bet ween capiin bag preferdechapplicatidh.14 FEBRUARY 2006 By providing the arns 3 with
free distal ends as described above, the arns may be flexed to open the

t ool - hol'di ng passage 2 by insertion of a wedge in the | ongitudinal

direction ofin bhe dnermativd laﬁaﬁgémema@u@t smlmﬁ)o thBeoberimy wallg hit S12PE3, agHiem 1S
| argely in the | ongitud | directio s.is in distinction to the largely
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openi ng t he gv@8lleft BRpSHeIT BRDPALIAghe WHfis PheOtip 8f theChérRCeaAPBY fnadENMofd!r I ent
i nvention therefore
compact while maintaining the dimensions of the arms as in the arrangement
15 described above. Alternatively, by omitting the walls, the arms can be made larger
while keeping the external dimensions of the horn within the dimensions of the

arrangement described above.

In yet a further arrangement not shown, the passage which accommodates the

20  shaft of the tool is substantially horizontally transverse to the generally longitudinal
axis of the horn; i.e. the passage is substantially perpendicular to the slot
separating the arms. In this case, insertion of the wedge into the slot between the
arms, rather than expanding the passage to allow insertion or removal of the tool
(as in the embodiment shown in the figures), causes the passage to bend. The

25 horn is fabricated by first forming the arms by cutting the slot between the arms.
Secondly, a wedge is inserted between the arms to flex the arms apart. And
thirdly, the passage is formed in the outwardly flexed arms.

The passage is thus formed with a first length portion in one arm and a second
30 length portion in the other arm. After an appropriately-dimensioned tool shaft is
inserted into the passage, the wedge is removed. The resilience of the arms



all ows a reduction of undesirable forces on the horn-supporting assenbly,
and in particular undesirable deformation forces on the z-axis assenbly of
a wire bonder in one preferred application. 10 In ong pkBRUAIY Y606
arrangenment (not shown) , the covering™walls 11, 12, 13, which cover the
arnms in the arrangenent described above, are dispensed wth and the arns

| eft exposed. By omtting the walls, the tip of the horn can he made re
compact whi HESRRRTRIc TS RENGT MeRitplorRSitar, mie-alighind 1€ resheskve Aremgbment
15 descri beﬂw@mflen%tﬁlﬁoﬁ:ﬁmtdf\mé PasStgeWRiER thig ddifips\adaifist thbedlAEt.can be
made | arger while keeping the external dinensions of the horn within the

di mensi ons of the arrangenent described above. In yet a further arrangenent
not shown, fRe R&BEEAE WasEbel ARETRIBNAS,  PRILGRY SHRfdedfl thifis! BRfedsS
substantial ly horizontally transverse to the generally |ongitudinal axis of
t he horns i Aderatiees s mgdificatieansnas will ibgl Phvipes e ribleseuskifled dn tthe ast ate
separating flgndd o b tiﬁ&cﬁp&%?e%’ Wigﬁr‘?rfﬂe"%cB et Reretpdgs PQﬁr%o‘ N #et
between the arns, rather than expandi ng the passage to allow 1 nsertion or
renoval of abeompartying esimsa t he enbodi nent shown in the figures), causes the
passage to bend. The 25 horn is fabricated by first formng the arns by
cutting the slot between the arns. Secondly, a wedge is inserted between
the arns to flex the arns apart. And thirdly, the passage is forned in the
outwardly flexed arns. The passage is thus formed with a first |length
portion in one armand a second 30 length portion in the other arm After
an appropriatel y-di nensioned tool shaft is inserted into the passage, the
wedge is renoved. The resilience of the arns -9 14 FEBRUARY 2006 urges them
to return to their natural position, ms-aligning the respective axes of



the two | ength portions of the passage which thus clanps agai nst the tool
shaft. The foregoing describes the invention including preferred forns
thereof. 5 Alterations and nodifications as will be pONVEBRYARY 20§ e
skilled in the art are intended to be i-fi€or porated within the scope hereof
as defined in the acconpanying clains. -10 Wiat is clained is: 14 FEBRUARY
2006 1 A t ooWHatligleglainoazhigr i si ng: the tool hol der having an end portion and
having a | ongitudinal axis; 5 a passage that is transverse to the tool

hol der | ongitudi nal axis, wherein the passage is sized and shaped for
engagi ng and1clanph@@lﬁmddreammnpmgt of a tool; a first slot that intersects
t he passage and that far . separ a ar ns hat deflne a division in the

end portion, and wséﬂomor%{é‘ae/m %Q%O%Pﬁ%thﬁ%’@g algngitudingl aisst al  end: an
end wal | shi ch | Sa pRasHsL o mve?geet@dﬁe%@rhome Iérﬁg?@dﬁia%ﬁlls Wﬂgﬁem of the

two separate arns; and a second slot in the end-wall, wherein t he second
slot is subsff‘&nﬁ@ﬁﬁaw inisizgcandishapedifer engaging ppe clamping atieast #art ofA der as
clained in cfigjpm1l, wherein the width of the second slot is greater than
the width of the first slot. 3. The tool holder as clainmed in claim1 or
claim2, wherein affiestistadithatgnigesects theppassage aaddbaidorgs twaseparate a2 4. The

tool hol der hat %#eﬁﬁé*‘a’cho\hé}aﬁ RN éhd B@-ﬁ&ﬁ'é?wdt&echté}%e RP4 LEFarafe Bftns Hid " asoni

t ransducer hor or a g apparatu
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an end wall which is spaced from and extends over the free distal ends
of the two separate arms; and a second slot in the end-wall, wherein the second
slot is substantially aligned with the first slot.

15 2. The tool holder as claimed in claim 1, wherein the width of the second
slot is greater than the width of the first slot.

3. The tool holder as claimed in claim 1 or claim 2, wherein the tool holder
is part of a bonding transducer.

20
4. The tool holder as claimed in claim 3, wherein the tool holder is an
ultrasonic transducer horn for a bonding apparatus.

5. The tool holder as claimed in any one of the preceding claims, wherein
25 the tool is a capillary.

6. The tool holder as claimed in any one of the preceding claims, wherein
the first slot extends from the free distal ends of the arms, through the passage,
and into the tool holder beyond the passage.

30
7. The tool holder as claimed in any one of the preceding claims, wherein

the passage is cylindrical.



5. The tool holder as clainmed in any one of the preceding clains, wherein
25 the tool is a capillary. 6. The tool holder as clainmed in any one of the
preceding clains, wherein the first slot extends frog FRBRUAGEY 906d @l ends
of the arns, through the passage, and-iTMto the tool hol der beyond the
passage. 30 7. The tool holder as clainmed in any one of the preceding
clains, wherein the passage is cylindrical -11 14 FEBRUARY 2006 8. The

t ool hol der as cl gj dln laim7, he end iiS j.oi ned and
Spans. bet veel r ospEERpY e s ciained By ey & ot i pac ke yoiped S 1 o
side walls; ahb%paﬁglbéﬁx&denareépécmbétdméu@idlsxbfwaaﬁ bﬁéub%tadﬁa"‘flbél%lléﬁn@éld over
and areSSpacedfromt e arns, and the substantially paral side walls

are provi dedWallghthe, @ aall; 3pd éH'é?t?'i‘ﬂaéB Raaleh sids WalD qendaPYnandharg he

cylindrical passatfomne ahes té?fél'th@@hgﬁén@aﬂlyfda@élﬁgldb'@vé}lhadrénp?oxﬁﬁeocxmﬂ m 8,
wherein the passage is circularly cylindrical tool hol der as

cl ai med i n affsPeA Qaapqrhéei)w@@édprrﬁ@cemtmqaﬁcpnsmfeth@lcwlnctrwel W@ﬁ‘sgﬂesl ot has
substantially parallel and planar side walls. 11. The tool holder as clained
in any one of clains 7 to 10, wherein the first 15 slot has substantially
paral | el and9pl an@he $oaldoleer las Clainhet e clairns/ of claine 8, whkiainl thecpdssagesage i s
substanti al | &gé@%@ﬂlnﬁﬂg ar to the walls of the slot. 12. The tool hol der as
claimedinag/ ims 7 to 11, wherein the first slot has
substanti@al |y parallel and planar side walls and the aX| s of the 20

cylindrical qgssagﬁe Itc')solsf‘uuolP etr%gtclzlz%lmle% aarna;ll c|)r$el o} %et g‘r%ce ing claolinst \r/]v e}selmot

the first slot has substantially parallel and planar side walls.

11.  The tool holder as claimed in any one of claims 7 to 10, wherein the first
15 slot has substantially parallel and planar side walls and the axis of the
cylindrical passage is substantially perpendicular to the walls of the slot.

12.  The tool holder as claimed in any one of claims 7 to 11, wherein the first
slot has substantially parallel and planar side walls and the axis of the
20 cylindrical passage is substantially parallel to the walls of the slot.





