CAPI LLARY 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 perfornmng 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 different electronic conponents, or of

di fferent contacts pads on an el ectronid-conponent. 15 For exanple, wire
connections are commonly nade between contact pads of an integrated circuit
("IC") chip and a | eadfrane carrier on which the ICchip is attached before
the 1C chip is nolded during asgiLVARY ADLDER'Y is often used to apply
bondi ng energy to weld bonding Wre, typicalty 20 nade from gold, al um num
or copper, to the contact pads. The capillary is also used to feed wire to

t he contagflﬁa&tﬁn brﬁgh the wire fromthe bond on the contact pad once a
W re conn —Bondi ng energy, such as ultrasonic force, power
and/ orsthermal energy is applied at a tip of the capillary. Therefore, it

is very iq[por_tant for the capillary to be fastened securely so as to ensure
that 25 t Hdeninventiomdelatasetor an msangesiantIfor medingiba A sapilanytoaddwdyieofg@t o set
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Threaded gwrnmie] Wiedohdide 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 clanping force to grip the capillary securely. However, it has

been fgun : y di sadvant ages associated with -2- the use of
a scrg\@v tgaé:,éep@h?l}e&b?%@d %&grmry. One di sadvantage 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 bend? vi bration caused by the screw.
One nmethod of avoiding the aforesaid di $advantage is to utilize the body of
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of 20 the capillary at ment hole is thereby reduced. In typical
ul trasoni c transducers, the ultrasonic drivers are arranged such that
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insertion hole that communicates 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.



3 Sunmary 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 bonding 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 oscillation of the capillary. Accordingly,
the invention provides a capillary hold&r for nounting a capillary 10 onto
a horn, c%rmﬁ' in i hole formed in the horn that has a first width
along a fi wlhr%)wgfﬁ?jﬁvlgéﬁdjﬁul ler than a wwdth of the capillary and a
second width along a second axis perpendicular to the first axis that is

| arger than the width of the capjllary, wherein the nounting hole is

confi gur egt dgictherefare Afhiabiegti Bﬁ b? ipvepiirkitgn seek cto tpéoY'@%lug'é imRro¥ed ond

wi dth si aq{[é%pryea{ ¥RaH art St W W LLlary
when thenﬁrﬁs W tt)rfoﬁes I ar E%trahﬁ%ﬂ]ér?ﬁgvéwﬁgh&ﬁ?ﬁbﬁg%géfgg W@?’Q?tﬁgééﬁemvm
of sai 8 flofscoews to peoviden brcdampinchorée ost thei cplillanhe dteisyretaded gbijgrt tofi¢he
capillary .usi an elastic forc f the n.. I't would be conveni ent

hor ei nat { APV RRoBL A BEFTEiTE; RTERARENY AT dPedpurntEt 4 |SH O PHBER dhoe 1o
the acconpyg id{ﬂf&éé%ﬁ?@o%éﬁabihé%hraatﬂiﬂed?i'bﬂfcﬁrds%ﬂlaﬁaﬁ%‘f'!H@B&ﬁllé’&.t,he ,
invention.” The particularity of the draw ngs and the related description is
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reference to the acconpanying drawi ngs, in which: ! _
along a first axis that is smaller than a width of the capillary and a second width

along a second axis perpendicular to the first axis that is larger than the width 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:
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FIG | is an isonetric view of an ultrasonic horn including an arrangenent
for holding a capillary according to a first preferred enbodi nent of the
invention; FIG 2 is an isonetric view of the ultrasonic horn of FIG 1
including a capillary 5 nounted onto it; FIG 3 is an isonetric view of an
ultrasonic horn according to a second preferred enbodi ment of the
invention; 10 FIGs. 4a to 4c are plan vijews of the ultrasonic horn according

to the first preferred enbodi nent Iook|4ﬁg fromdirection A of FIG 1 and

FIG 2, ildgsty quSoﬁwgﬁlc@n‘%QPBT i umass'me HdrR nﬂf:luhﬁg Hh%@aﬁﬁlﬁerﬂ%‘? can

be manlpulated 0 secure a capl I'n a nountin 5a to 5c
are plan \hojadvag(a‘cajlllmytacaemmgtmarflrstalrefarmdr@nbodmimts:édwmveptlerﬁ erred
enbodi ment of the invention looking fromdirection A of FIG 3 including
recesses formed in the nounting hole that are shaped to receive a capillary;
and FI Gs. t50; 6. f f onr third
et orrod D e i B e b O e b iRy

i ncl udés trhoemtedrandpitng positions to grip a capillary. Detail ed Descri ption
of the Preferred Enbodinents 25 FIG 1 is an isonetric view of an ultrasonic
horn 10 i ncluding an arrangenent for holding a capillary according to a

first prefmag, %dseﬁ?pféehf&m vietv é\hﬁn 'u'l’tVé%iHn‘i@ﬁornAacd'BP@lﬂb'tBQa §é’écﬁxdlﬂréférré@cat ed
at atip 12 of the ultrasonic horn 10 for inserting and fastening a

capi | | ar y.errbodicent of thesinwentiprise appreci ated that the nmounting hole 14 can
be | ocated 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
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17 that is paraIIeI to the longitudinal axis 18 of the horn 10. FIG 2 is

an i sonet rprefeyfashembodieent| lppkisarfremriirastioo APf FIG. 11andhElGdRndlustratipg | | ary
the manner in which a tip of the ultrasonic horn can be manipulated to secure a

capillary 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



5 20 nmounted onto it. Cenerally, a cross-sectional area of the nmounting hole
14 is larger than a cross-sectional area of the capillary 20. The capillary
20 has a capillary tip 22 through which bonding wire is fed and bondi ng
force and power is applied at the capillary tip 22. Wen the ultrasonic
horn 10 is driven by ultrasonic drivers in use, the capillary 20 is driven
to oscillate along the oscillation axis_17 10 that is parallel to the

| ongi tudi nal axis 18 of the horn 10. FI& 3 is an isometric view of an
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aligned 15 with the nmounting hole 14 along a | ongitudinal axis 18 of the
horn 10 and is divided fromthe nounting hole 14 by a portion of the horn
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nmounting hole 14. In FIG 4a, there is no force acting on the tip 12 of the

horn 10, and the nmounting hole 14 is generally in an elliptical 30 shape at
R e B e R e
- 6- conpr igiaodimenpof R Mvehtidmsin this embbdiretitha sidt, 160k I6estbd eldjagee té hat
'Tes al On%hgl mounting hole 14, preferably opposite a distal end of the tip 12. It is aligned
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 horn 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



first axis or longitudinal axis 18 of the horn 10 is smaller than a w dth of
the capillary 20. A second wdth, w2, of the nounting hole 14 along a
second axis 19 perpendicular to the first or longitudinal axis 18 is |arger
than the width of the 5 capillary 20. This ensures that the capillary 20 is
gripped at points along the first or longitudinal axis 18 of the horn 10
when the capillary 20 is inserted and Eastened. Additionally, the capillary
20 cannot be inserted into the nounting~“hole 14 without the application of
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capillary 20. However, a jig with a clanp that is controllable to conpress
the horn tj 2 .hyad.,: kM, e dis I r t I
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capillary 20, the capillary 20 is inserted. 30
the mounting hole 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



-7- In FIG 4c, once the capillary 20 is properly positioned, the
conpression forces 24 are renoved. The edges of the nounting hole 14 w |
tend to return to their original unflexed positions, thereby contracting
the first wwdth of the nmounting hole 14 along the |ongitudinal axis 18. A
gripping force is thereby exerted on the 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 mounted and secured. In particular, the two

d
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24 are exerted on the sides of the'tip 12 of the horn 10 to flex the edges

of the nodathelpngiudinahaysddofithe hosmdOt udi nal axis 18 of the horn 10. Once
the edges of the nounting hole 14 along the longitudinal axis 18 are
sufficiently flexed to fit the capillary 20, the capillary 20 is inserted
and 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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positioned. 30 -8- In FIG 5c, the capillary 20 has been properly positioned
and the conpression forces 24 are renoved. Since the recesses 26 are shaped
according to a portion of the circunference of the capillary 20, the
capillary 20 fits nore snugly in the nounting hole 14. 5 FIGs. 6a to 6¢c are
pl an views of an ultrasonic horn 10 according to a third preferred

enbodi nent of the invention, wherein thg nmounting hole 14 includes three
gri ppi ng positions 30a, 30b, 30c for grPpping the capillary 20. In FIG 6a,
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In FIG. 6b, when compression forces 24 are applied to the tip 12 of the horn 10
adjacent to the mounting hole 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



position 30a preferably Iies 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 conprise
force conponents 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
gri pping positions 30a, 30b, 30c are -9- still arranged to substantially
apply forces that are parallel to the o§C|IIat|on axis 17 or | ongitudi nal
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i nvention, a purer. Ionltud naI ﬁb{)atlon r %@tlon illary
can be adfMRWOE Single ﬁ?ﬁeﬁ Matgal ghabisdnade PHEF 41y, Ph 9\8’“ é‘?u ng
off can bawd Grifibrepliecds HATRArEIcofASERR thelRES ki Riteh c"aﬁét it s& bfeier
properties of t ondi ng tool can de nore consistent. The sinp er
desi gn al dbat theupiese iof matedaleat whmbftaetmoamﬁng hgleatdtl igyfamedyis coade dtom

Anot her aqgant%}ge of the capillary holders according to the preferred 20
enbodi nent "he invention is that the capillary is held by a direct
conprggsi ve force, not by a frictional force as in conventional bonding

tools using screws. As a result, a |lesser clanping force to the capillary
i s requirdtiwewd bieeappresiated shakaince dhetehés moUREEthdo Hisieesoewsht pErvide

Further,  BYadhingtoRSs BF niiitihg 3he cBhindR) Mithe 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.



al ong the longitudinal axis of the horn, the capillary can be held nore
securely 25 during longitudinal vibration of the capillary when ultrasonic
bonding is carried out. The invention described herein is susceptible to
variations, nodifications and/or addjﬂ%gns ot her than those specifically
described and it is to be understood that the invention includes all such
vari ations,ajipgi fications and/or additions which fall 30 within the spirit
and scope o0 e above description. -10 CLAIMS: 1. A capillary hol der for
mounting a capillary onto a horn, conprising a nounting hole fornmed in the

horn that, has first w 0 first hs. th (S S r. than a

w dt h of 1'he dgpﬁq'lmvﬁﬂgg'é%'é?@%@t\ﬂpd?hc%)m&%éf gﬁé’e@ongr%ﬁgﬁﬂgk‘geﬂdi cul ar
to the fimslntnd holdRirmedl inathgeiorhhtaat hBS amirt width aldagCcamidt! iy thartier ei n
the nounting hole is conflgured such that application of a flexion force to

reduc® tBalsciban aiwidth of e candlans ppdex seaard (vdtht plong @i $RAPNEoAXS to fit
th i | : i St gE D t idth of .
api || ar P REATERR 10 e brcf Sl gt B racher HtEne MRt bP e kil whefeiy, o

wher eby ttheghopntinieholeps Idoafiyuresl sugrhatihae bpplidationf afr & lexibntfocentorredude The
capillary holder as clainmed in claim1, erein the horn i riven to
osci | | at ethﬁls@r?ﬁngﬁ”'gg'b?m ﬁ"@ﬁ”%‘(i%"ﬁaﬁdﬁ\égeéﬁ%f Vﬁ"ﬁ’g" PP} toaﬁsk‘i t‘gei%a Bl lel to
said 15 i T T:LANY WHT-Xg I : [ j hym 1 or
claim 2, ﬁ/ﬁ%ﬁ E“%hﬁﬁg\/ l?\?ﬂeéi Igﬁgerﬁggggﬁ%g&%’)@i %’f;@@ﬁa@ﬁlgﬁ,ﬁﬂ%ﬁ%%@&%%ﬂn forces
acti i orflexien fovee contiiactarthe fipstveititheWherebyHe gripcthedcamillasy ugihgdan glastic
capi |l I ary, _hol dﬁll"\gﬁ%d ainmed in any one of the preceding clains, wherein a

| ar

cross- secPl$nd Nof the nounting hole is greater than a cross- sectional
area of the capillary.

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

15 oscillation axis.

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.

20
4. The capillary holder as claimed in any one of the preceding claims,
wherein a cross-sectional area of the mounting hole is greater than a cross-

sectional area of the capillary.

25 5. The capillary holder as claimed in claim 4, wherein the cross-sectional
area of the mounting hole before application of the flexion force is substantially
the same as the cross-sectional area of the mounting hole during application of

the flexion force.



25 5. The capillary holder as clainmed in claim4, wherein the
cross-sectional area of the nounting hole before application of the flexion
force is substantially the sane as the cross-sectional area of the nounting
hol e during application of the flexion force. -11- 6. The capillary hol der
as claimed in any one of the preceding clains, including recesses fornmed in
the nmounting hole that are shaped in copformance wth a circunference of
the capillary. 5 7. The capillary holdet'as clained in any one of the

precedi ng £l ai inel udi e gL LPpi og). | - i the
nmount i ng h6gl e g@c CItaﬁgtlta\‘weac &glalgpgilgl}’lnaé%ggl H’gn&%’g dgdg"& gg&tseo '%pﬁ%rﬂa&f orce
that is pdnaldieg recesses formed iaxthe mbuanitirgy holei that the shaped iratynfotalce The
capillary holder as clainmed in claim8, wherein the nounting hole conprises
three gri ppthg cieumiersnse vhtheyeapidg the capillary. 9. The capillary hol der
as claimed in any one of the preceding clains, including a slot forned

adj acent to the nounting hole that is divided fromthe 15 nounting hole by a
porti ob of7.t he The rapilldry shaddergasdclainiéd tiheanpunie f thel erecadimyg didienst,i r st

axis. 10. -The capillary holder. as clained in any one of .the precedi

cl ai ns, \MRQP%'PH Fhleaghime [HRRPING BOFILORS ?‘?rﬁﬂ‘?cgé{?/ the, matapieg Q@elslu.c t
capillary it i I i } iryheriei n at
| east a po%ggdpﬁﬁg ‘Eg@ﬁgﬁﬂs gtaaah[%ﬁcﬁﬁtgﬂ@y%ﬂﬁ&@rﬁggﬁgl e ?@Iﬁgﬁﬁngélrl S Iﬁade
from tit afougnipping the capillary.

10 8. The capillary holder as claimed in claim 8, 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 adjacent to the mounting hole that is divided from the
15  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.





