-1 CAPILLARY FOR WRE BONDI NG Field of the Invention The invention relates
to a capillary for delivering a bonding wwre, and in particular to a
capillary for use in connecting a wire to a sem conductor device by bonding,
for exanple, by the application of ultrasonic energy. Background and Prior
Art During the packaging of the sem conductor devices, it is typically
necessary to place a sem conductor chip.qgr.integrated circuit die onto a
substrate such as a |eadframe, and then electrically connect the die and
substrate with conductive bonding wires. In high-power integrated circuit
packages, heavy alumnum wre is comonly used to nake the connection and
carry current between the dEﬁiﬂﬁﬂghgﬁgigﬂﬁﬁgfbgmﬁﬂﬂ e alum num wi res

typi cally have dianmeters of : 3 be as wide as 20 mls
in dianmeter. The alum num wres are preferably bonded to bondi ng pads of the
respective die and substrate using wedge bonding. There are several

di sadvant ages Figld @Ethetlawentionh exi sting wedge bondi ng of heavy al uni num
wires. Firstly, the cost of the heavy wire wedge bonder nachines are
expensive, which can be up to three tinmes the cost of equival ent ball bonder
machi nes. Secdihel inveotion relateaglepat carfillang fge detivetingga barckngh@drei sandeiny | ow,

and the tine it ta 0 N I wedge. bonding.is to three
ti mes | onger é’?n&:cgﬁg?ec?al‘b@g%n%éga? \%Iaﬁ?%mecﬁgﬁ% Vﬂf‘f’n@eﬂ‘ Serﬂlﬁ%ﬁ’%&r qﬁgﬁg’e, it
makes econom Gydmdingt for exain@y;, Y etk application eSuwRakinic ehargges to use copper
wire instead of alum numw re, because copper wire is cheaper and nore
suitable to ball bonding. Therefore, there are econom c and other benefits

to replace hegurkatout R pMASe bondi ng machines with copper ball bonding
niachi nes.

During the packaging of the semiconductor devices, it is typically necessary to
place a semiconductor chip or integrated circuit die onto a substrate such as a
leadframe, and then electrically connect the die and substrate with conductive
bonding wires. In high-power integrated circuit packages, heavy aluminum
wire is commonly used to make the connection and carry current between the
die and the substrate. These aluminum wires typically have diameters of 5
mils and above, and can be as wide as 20 mils in diameter. The aluminum
wires are preferably bonded to bonding pads of the respective die and

substrate using wedge bonding.

‘{\ There are several disadvantages associated with existing wedge bonding of
heavy aluminum wires. Firstly, the cost of the heavy wire wedge bonder
machines are expensive, which can be up to three times the cost of
equivalent ball bonder machines. Secondly, the throughput of wedge bonding
machines is very low, and the time it takes to bond a single wire by wedge
bonding is up to three times longer as compared to an equivalent ball bonder
machine. Hence, it makes economic sense for integrated circuit assembly
houses to use copper wire instead of aluminum wire, because copper wire is
cheaper and more suitable to ball bonding. Therefore, there are economic
and other benefits to replace heavy aluminum wedge bonding machines with

copper ball bonding machines.



-2- In wedge bonding, since both the first and second bonds are forned in an
I dentical manner, there is no substantial variation in the current-carrying
capacity of the wire throughout the whole wire | ength as the cross-sectional
area of the wire is about the sane throughout the wire. Consequently, there
Is no significant difference in the pull strength of the first wedge bond at
a first bonding pad, as conpared to the_pull strength of the second wedge
bond at a second bondi ng pad. However, in ball bonding, the first bond is
formed from a ball and the second bond is effected by pressing the wire
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greater operatiopal issues. It would be desirable to increase. th
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gtitch bond position. FIG 1 is a cross-sectional side viewof a capillary

100 accor di ng cepagityeofhe wire aiatballigad @sgn Pl theyiratdondas thas diglier thanthei p 102
that feeds a RAREALNGWIAS cP4city of the wire at the stitch bond area of the second
bond, where the cross-sectional area of the wire is at the lowest. There is
thus a current-carrying bottleneck at the stitch bond. Furthermore, the smaller
cross-sectional area means that the lowest bond pull strength of the wire is at
the stitch bond.

Presently, copper ball bonding is generally confined to wire diameters of
around 2 mils (about 50 microns) and below. For copper ball bonding of wires
with wire diameters of more than 2 mils, the lack of stitch pull strength and
non-uniformity of the wire causing greater electrical resistance at the stitch

(o bond would pose greater operational issues. It would be desirable to increase
the cross-sectional area of the wire at the stitch bond position so as to
decrease the bottleneck effect and to increase the pull strength at the stitch
bond position.

FIG. 1 is a cross-sectional side view of a capillary 100 according to the prior
art. The capillary 100 has a capillary tip 102 that feeds a bonding wire 104
through a capillary hole 106 at the center of the capillary tip 102. There is a
bottom face 108 at the base of the capillary tip 102 that is instrumental in
pressing the bonding wire 104 onto a bonding surface. Adjacent to the
bottom face 108 is a sloping capillary tip face 110, which leads to an outer
radius 112 of the capillary tip 102. The sloping capillary tip face 110 forms a

face angle A0 with respect to a horizontal bonding surface.



through a capillary hole 106 at the center of the capillary tip 102. There is
a bottomface 108 at the base of the capillary tip 102 that is instrunental
in pressing the bonding wire 104 onto a bondi ng surface. Adjacent to the
bottom face 108 is a sloping capillary tip face 110, which | eads to an outer
radius 112 of the capillary tip 102. The sloping capillary tip face 110 forns
a face angle AOwth respect to a horizarg.al bonding surface. -3- A stitch
bond is fornmed by the capillary tip 102 deform ng the wire 104 against the
surface to be bonded, typically a "lead" or "second bond surface", thereby
produci ng a wedge-shaped bond. The top part of the stitch bond follows the
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strength and lead to an unreliable bond.

FIG. 2 is a cross-sectional side view of a stitch bond formed by the capillary of
FiG. 1. The wire thickness X-X at a selected point of the stitch bond where
the wire first meets the bonding surface is 39 microns. With this wire
thickness for a heavy wire, problems with pull strength and current-carrying
capacity as explained above may be experienced.

One prior art method of increasing the pull strength of the wire at the stitch
o bond position is described in Japanese patent publication number JP2001-
291736 entitled “Capillary for Wire Bonding”. The publication discloses a
capillary with a cone shape facing downward. A leading edge of the capillary
is formed in two stages. The leading edge has a bottom face for leading out a
fine wire, and an edge of the bottom face is used to cut the fine wire. There is
also a step-like peripheral region which is located next to the edge. When the
fine wire is cut by ultrasonic bonding, a part of the fine wire which is near the

cut end is simultaneously pressed by the step-like peripheral region.

However, this invention is said to be applicable for bonding thin gold wires,
specifically gold wires of 10-20 microns in diameter, not heavy wires.
Although the step-like peripheral region with orthogonal orientations tends to

press the wire at the wedge bond and deforms it to help in improving bond



capillary with a cone shape facing dowmward. A | eading edge of the capillary
Is fornmed in two stages. The | eadi ng edge has a bottomface for |eading out a
fine wire, and an edge of the bottomface is used to cut the fine wire. There
is also a step-like peripheral region which is |located next to the edge.
When the fine wire is cut by ultrasonic bonding, a part of the fine wire
which is near the cut end is simnmultaneougly pressed by the step-Ilike

peri pheral region. However, this invention is said to be applicable for
bonding thin gold wires, specifically gold wires of 10-20 mcrons in
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the stitch bond that is fornmed has a stepped shape since the peripheral
surfaces are parallel and perpendicular to the bottomface respectively,
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during subsequent operational cycles. Sharp edges of the capillary will lead
to very fast build up of wire material resulting in bonds with lower and
inconsistent stitch pull strengths. Uniformity of current-carrying capacity at the

stitch bond is lacking.

Summary of the Invention

The invention seeks to provide a capillary for wire bonding which offers
improved bond puil strength and current-carrying capacity as compared to the

aforementioned prior art.

Accordingly, the invention provides a capillary tip for deforming a bonding
wire, comprising: a bottom face along an inner periphery of the capillary tip for
pressing the bonding wire against a bonding surface; an outer radius along an
outer periphery of the capillary tip; a first inclined face adjacent to the bottom
face and extending obliquely to the bottom face; and a second inclined face
adjacent to the first inclined face and extending obliguely to the first inclined

face.

It would be convenient hereinafter to describe the invention in greater detail
by reference to the accompanying drawings which illustrate one embodiment

of the invention. The particularity of the drawings and the related description is



The invention seeks to provide a capillary for wire bonding which offers

i nproved bond pull strength and current-carrying capacity as conpared to the
af orenenti oned prior art. Accordingly, the invention provides a capillary tip
for deform ng a bonding wre, conprising: a bottomface al ong an inner

peri phery of the capillary tip for pressing the bonding wire against a
bondi ng surface; an outer radius along ans-outer periphery of the capillary
tip; a first inclined face adjacent to the bottom face and extendi ng
obliquely to the bottomface; and a second inclined face adjacent to the
first inclinetottade mﬂﬁr%t@p@raéu&n@etﬂeﬂlr@déepengra‘hheoffthesbtroadwtdehtrfmtuom ace. It
woul d be conv e be the invention in greater detai

by reference ?@hgﬂéeggéﬁﬁg% hﬁédﬁ@ﬂﬂaé&ﬁ§ which illustrate one enbodi nent of
the invention. The particularlty of the drawi ngs and the rel ated description

is -5- not toEbeleinde.rFtoog! iswersedl ng the generality of the broad
i denti ficati oRI€gEEIRY efined by the clains. Brief Description

of the Drawi ngs Exanpl es of preferred enbodi ments of capillaries in
accordance with the invention wll now be described with reference to the
acconpanyi ng Bxamplegsol prefefpd @mbauinaents gfscapilarigssinseeaordage witddnei ew of a

capillary acc 1 r t &Eﬁtﬂ i de view
of a stitch bg{lgh%r&r{@j %@b?ﬁ'g%nrb%{grwg}lﬁf%g% hstgé a%Et?ﬁé?réﬁﬁgib SSS is a
cross-secti onalwhkicke vi ew of a capillary according to a first preferred

enbodi nent of the invention; FIG 4 is a cross-sectional side view of a
stitch bond forned by the capillary of FIG 3; and

FIG. 1 is a cross-sectional side view of a capillary according to the prior art;

€
FIG. 2 is a cross-sectional side view of a stitch bond formed by the prior art
capillary of FIG. 1;
FIG. 3 is a cross-sectional side view of a capillary according to a first
preferred embodiment of the invention;
FIG. 4 is a cross-sectional side view of a stitch bond formed by the capillary of
FIG. 3; and
FIG. 5§ is a cross-sectional side view of a capillary according to a second
K preferred embodiment of the invention.

Detailed Description of the Preferred Embodiments

FIG. 3 is a cross-sectional side view of a capillary 10 according to a first
preferred embodiment of the invention. The capillary 10 comprises a capillary
tip 12 that feeds bonding wire 14 to a bonding location through a chamfered
hole 16. A bottom face 18 of the capillary tip 12 is operative to press and
deform the bonding wire 14 after a stitch bond is formed at the bonding
location. The bonding wire preferably has a diameter of at least 3 mils (76.2

microns) and is preferably made of copper material.



FIG 5 is a cross-sectional side view of a capillary according to a second
preferred enbodi nent of the invention. Detailed Description of the Preferred
Enbodi ments FIG 3 is a cross-sectional side view of a capillary 10 according
to a first preferred enbodi nent of the invention. The capillary 10 conprises
a capillary tip 12 that feeds bonding wire 14 to a bonding | ocation through
a chanfered hole 16. A bottomface 18 ofgt-he capillary tip 12 is operative
to press and deformthe bonding wire 14 after a stitch bond is forned at the
bonding |ocation. The bonding wire preferably has a diameter of at |east 3
mls (76.2 ninteatspf aﬁmgl%slpp@geaa@ﬁllaw imdrceol 1@ (seedtIGnd) hdtds fourglinl nst ead

of a single s 0 ognd in the
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conprises a sahstant iiRlthis EmBbdifient ate sé‘ébr@iuin%hﬁéﬁ At ¥2 ddmplisgdaan outer
periphery of the capillary tip 12 is adjacent to the second inclined face

22. The hei ghtsubﬂ_tanmycﬂ@t purfaceh Ay pitsige radis i2dtalongean pwar peinheryof thee fir st
and second i is coplanar with the
bottom face %@HHQ'SA&?Q Wfag@ttﬁésgéﬁmﬂfm%ﬂéé ?Et he wire dianeter, WD of

t he bonding V\nre 14, such that: 0.1 WO <_ D1 0.5 Wo. More preferably, the
hei ght D1 is h.that: O. D1.s 0.4 V\D. .

the outer cir é&@ﬁtc&‘ %'Sbat*i%gﬁ% &D@el@?q@eg'ro@f%or'%tnglﬂl?eFEWi@r?dl /2 V\D
and 3 WD, sucfset:bm inchféd M!Pfa%e@iﬁ0<223ro\ﬁba ;ﬂ@feethaf Rf @ipiiray withltRe bdttamet er D3

|(s configured such that: The outer radi us 24 conprising
a-curved surf 4R ﬂ?‘efseP'é%‘Pr?bWa%et&’eﬁﬁa héol'-@ 5"t the wire diameter, WD of the

bonding wire 14, such that: 0.1 WD < D1 < 0.5 WD. More preferably, the
height D1 is configured such that: 0.3 WD < D1 < 0.4 WD. The diameter D3
of the outer circumference of the bottom face 18 is preferably between 1%
WD and 3 WD, such that: 12 WD < D3 < 3 WD. More preferably, the
diameter D3 is configured such that: 2 WD < D3 < 22 WD.

The outer radius 24 comprising a curved surface preferably has a radius R,
where 0.4WD < R < 1TWD. More preferably, the radius R is configured such

that 0.5WD <R <0.8WD

An angle A1 of the second inclined face 22 with respect to a bonding surfabe,

.
i 3

which is typically horizontal, is preferably between 4 degrees to 11 degrees.
More preferably, the angle A1 is between & degrees to 10 degrees. An
interfacial angle A2 between opposite faces of the first inclined face 20 is
preferably between 70 degrees to 120 degrees. More preferably, the angle
A2 is between 80 degrees to 100 degrees.

FIG. 4 is a cross-sectional side view of a stitch bond formed by the capillary of
FIG. 3. The wire thickness X'-X' at a selected point of the stitch bond at the
point where the bonding wire 14 first meets the bonding surface (which, for
comparison, is the same point as that selected in FIG. 2) is 61 microns. Thus,
with the capillary 10 according to the preferred embodiment of the invention,
the wire thickness at the selected point has been increased from 32 microns



where 0.4W s R s 1\WD. More preferably, the radius Ris configured such that
0.5W < R5 0.8W An angle Al of the second inclined face 22 with respect to
a bonding surface, which is typically horizontal, is preferably between 4
degrees to 11 degrees. More preferably, the angle Al is between 6 degrees to
10 degrees. An interfacial angle A2 between opposite faces of the first
inclined face 20 is preferably between 7@ .degrees to 120 degrees. Mre
preferably, the angle A2 is between 80 degrees to 100 degrees. FIG 4 is a
cross-sectional side view of a stitch bond fornmed by the capillary of FIG

3. The wire tk 6kmeiseong: -\With dhis avirethickness, gbé mroéms vgthspult stiengim@ndt t he

poi nt where F@Srrgﬂf@r%g‘é\éép%cwalfeiﬂ@iifi%ﬂg?ﬁ,&e%%dpOndi ng surface (which, for

conparison, is't sa ol'nt -as sel 'hn FIG 2) is 61 mcrons.
Thus, wth the capillary 10 according to the preferred enbodi ment of the

i nvention, tg«? \M'ér.e t hi ckness at, .t he, sel ect ed, %Oi has been increaged from
39 mcrons 7&Ct9 %8 FPERRIONGTIPE Vigwsol@ carillafy R aceordingdo & 88708 wi t h

pul I strengt h pasterred SFRRIMERST RS hveARGE tTHe 20BIlISH050 bisedils & cagiaged. FIG
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r
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16. Adj acent ti6.the bottomface 18, there is a first inclined face 20 that is

adj acent to and extends obliquely to the bottomface 18. A second inclined
face, which in this enbodinent is in the formof a groove 26, is adjacent to

and extends atadjsenpld) thgupttamdface 18, thBe: isid first inbilddfate Dackat3d9 adiibsntsecond
iknclined face or groove 26 is forned adjacent to an outside radius 24 of the
capillary tip tq and extends obliquely to the bottom face 18. A second inclined face, which

in this embodiment is in the form of a groove 26, is adjacent to and extends at

an oblique angle to the first inclined face 20. The second inclined face or

groove 26 is formed adjacent to an outside radius 24 of the capillary tip 12.

The main difference between the first and second embodiments of the

capillary 10, 30 is that the second inclined face is in the form of a groove 26

rather than a substantially flat sloping surface 22.

The groove 26 preferably has a radius R1, where 0.25 WD < R1 £0.75 WD.
More preferably, the radius R1 of the groove 26 is configured such that 0.35
WD < R1 = 0.55 WD. The outer radius 24 preferably has a radius R2, where
0.25 WD = R2 < 0.75 WD. More preferably, the radius R2 of the second
inclined face 22 is configured such that 0.35 WD £ RZ2 < 0.55 WD. If R2 is too

low, a weakened stitch bond may resuit.

The height D2 of the lowest point of the outer radius 24 from a plane that is
coplanar with the bottom face 18 is preferably from 0.2 times the wire
diameter WD, and up to 0.4 times of WD, such that: 0.2 WD < D2 = 0.4 WD.
More preferably, the depth D2 is configured such that 0.2 WD < D2 < 0.3 WD.
The diameter D4 of the outer circumference of the bottom face 18 is
preferably between 1 %z and 3 times of WD, such that: 172 WD < D4 < 3 WD.
More preferably, the diameter D4 is configured such that: 2 WD < D4 < 3 WD.



The main difference between the first and second enbodi nents of the
capillary 10, 30 is that the second inclined face is in the formof a groove
26 rather than a substantially flat sloping surface 22. The groove 26
preferably has a radius Rl, where 0.25 W <_ Rl <_ 0.75 WD. More preferably,
the radius Rl of the groove 26 is configured such that 0.35 Wb <_ Rl <_ 0.55
WD. The outer radius 24 preferably has a -Badi us R2, where | 0.25 W < R2 <_
0.75 WD. More preferably, the radius R2 of the second inclined face 22 is
configured su : weakened
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nvention, an“ éfectrical resistan onmpari son was né on a | ng wire

vm'th a di arretemTabﬂembeiDWs and a cross-sectional area of 18232.22pnR2. The

wire had a length of 5mm and an average resi stance of 0.9269pChm It was

found that the stitch bond made fromthe capillary 10 had an el ectri cal

resi stance thatabh@s 27% | ower than a prior art capillary 100 illustrated in

FIG 1, as denobnstrated in Table A below Table A Capillary Design Wdth of

Stitch Thickness of Cross-sectional Resistance (pm Stitch (pnm) area (pm)

((R) p Chm Capillary Design Width of Stitch | Thickness of | Cross-sectional | Resistance
B (um) stitch (um) area (pm?) (R) p Ohm
Conventional 275.89 39.39 10,867.46 1.5551
Invention 245.695 60.61 14,891.57 1.1349

Further, the capillary 10 was found to have a current-carrying capacity that
was 37% higher than a prior art capillary 100, as demonstrated in Table B

below:

Table B

Capillary Stitch Cross- Wire Length Fusing Time Fusing Current
( Design sectional area (pm?) (mm) (sec) (A)
Conventional 10,867.46 5 5 28.72

Invention 14,891.57 5 5 39.36

It was also found that on a stitch pull tests conducted on a total of thirty-six
wires for each of the conventional design and the design according to a
preferred embodiment of the invention, the capillary 10 was able to achieve
an average stitch pull strength of 360.077g, whereas the prior art capillary 100
was able to achieve an average stitch pull strength of 260.427g. The average
increase in stitch pull strength by using a capillary 10 according to the

preferred embodiment of the invention was therefore about 100g.



Conventional 275.89 39.39 10,867.46 1.5551 Invention 245.695 60.61 14, 891. 57
1.1349 Further, the capillary 10 was found to have a current-carrying
capacity that was 37% higher than a prior art capillary 100, as denonstrated
in Table B below Table B Capillary Stitch Cross- Wre Length Fusing Tine
Fusing Current Design sectional area (p (mm (sec) (A Conventional
10,867.46 5 5 28.72 Invention 14,891.57°55 39.36 It was also found that on
a stitch pull tests conducted on a total of thirty-six wres for each of the
convent| onal 48 liferiBi! ok8indd Hefth RCGREERIME kit hiddiRduatgfigent of
the invention, the capillary was able to achieve an average stitch pul
strengt h of 3@ddilizag pthehdramadbosdepquificelly describegand itriy tal D€ understoniditeatt o

achi eve an average itch |, strength. of 260.427 T r.age ipncrease in
St toh pull s avenyeRtos Ry = ShiE Vablion. 5odeple ab0s ARBN voidr f o
embodi ment of fiiheithin Wendpitiandasopdielthé absveadssetiptidd0g. - 9- The invention
descri bed herein is susceptible to variations, nodifications and/or

addi tions other than those specifically described and it is to be understood
that the invention includes all such variations, nodifications and/or
additions which fall within the spirit and scope of the above description.
l,, -10- CLAIMS: 1 Acapillary tip for deform ng a bonding wire, conprising:
a bottom face surroundi ng an i nner periphery at the bottom of the



capillary tip, the bottomface extending substantially radially in a
direction along an intended bonding surface for pressing the bonding wire
agai nst the bonding surface;  a first_jﬂflined i nwardly tapering surface,

whi ch appears as two straight |ines when viewed in cross-section, and having
a single interfacial angle between the two straight |ines, the first
inclined sprApgs: being located between the bottomface and a second inclined
i nwardl y tapering surface, which appears as two straight |ines when viewed
in cross-section, a lower end of the first inclined surface nmerging with a

radially outer rgin of the bottomface. and the second inclined inwardly
tapering s rfacg%aaﬂf"@’ht'ﬁ £or|d@ QIiRd 3 RQNING WIReCPTPEEINGnC| i ned surface and an

sur h . e FIHST f n
outer per i pher ya forfofp faeididiMdhioPan inher JRABRAEN B¢ theesbith! domeext endi ng

obliquely to the first 1ncline ace, t second incli surface being

i ncli ned atapillasy rtig, ehanbbttomi fake r edprdingt sulidtentidiyncidiallys imr faadizection The

capillary ti wher ei n a hej froman.imersection

as claiyed in,claiml, ht.
bot ween | {IORS Ay Inieecehonttife FuiTaRe 40 Bresspoaite bobHing WHE,30aiRst te (¢ he
bOttomfaofqdﬁn@gEMS%' 0.1to 0.5 tines of a dianeter of the bonding wre.
3. The capi ry tip ds clained in claim?2, wherein the height is between
0.3 and 0.4 ti nefirsdfinclinddanwaetly tdpering sofatenwhich appears Heetwoaglrdiphty tip as
clained i ,anywﬁne of the, preceding. cl aqingjxes wherein Ia di.a t_ef of an outer
ci rcunf er diGS” WhepnWewsdr Bncfossesedioperaise haying a sipglesinteriagial @nale i amet er

i arot er |2 Pepfhs tw sty 8%, he s hairS SUrcERighg e bt &1 "
the bottom face and a second inclined inwardly tapering surface, which
appears as two straight lines when viewed in cross-section, a lower end of the
first inclined surface merging with a radially outer margin of the bottom face;
and
the second inclined inwardly tapering surface, which is located
between the first inclined surface and an outer periphery of the capillary tip,
the second inclined surface extending obliquely to the first inclined surface,
the second inclined surface being inclined at a single angle with respect to the

bonding surface.

2. The capillary tip as claimed in claim 1, wherein a height from an
intersection between the first and second inclined to a plane that is coplanar
with the bottom face is between 0.1 to 0.5 times of a diameter of the bonding

wire.

3. The capillary tip as claimed in claim 2, wherein the height is between

0.3 and 0.4 times of a diameter of the bonding wire.

4. The capillary tip as claimed in any one of the preceding claims, wherein
a diameter of an outer circumference of the bottom face is between 1% and 3

times of a diameter of the bonding wire.

5. The capillary tip as claimed in claim 4, wherein the diameter is between

2 and 2% times of a diameter of the bonding wire.
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6. The capillary tip as claimed in any one of the preceding clains, wherein
the outer periphery conprises a curved surface with a radius of between 0.4
times of a dianmeter of the bonding wires,and the dianeter of the bonding
wire. 7. The capillary tip as claimed in claim6, wherein the outer

peri phery conprises a radius of between 0.5 and 0.8 tinmes of a dianeter of
the bonding wre. 8. The capillary tip as clained in any one of the
precedi ng clains, wherein the single angle of the second inclined surface
Wi th respet toTIneneapidiaq/i hi;gasslaimadén Esylm@e\/tm‘éhe@relcm;iiregasladxnd, wherdyr ees. 9.
The capiII ry tip as c i.n C erein the I ngl e Oof the
secona’ i nceratielnpfafednpldsa uRes st i FadiF e baRedst diten &
degrees anﬁhé@ ofadlignster’d? thJBSn&ﬂ@'Wﬁ@@hd‘t’r@ cﬁ§m%’(élf'df‘¥ﬁ'e an&i‘n@'v@"r@ or claim
9, wherein the single interfacial angle I's between 70 degrees and 120

degrees. 11. The capillary tip as clainmed in claim 10, V\,herel n the single
interfaci e is. 80 degrees, and_1 degr 2 The capillary
tip as cla madnﬂ\ l%%\qﬁf a?haa' %Léhl }?dmcﬁa?"al? l\%m rt??é"pg.ﬁﬁyl lary tip
is confi QUé&ﬁPF|Qe@am9d|ﬁeru#'m&éﬁ ®. SNQh&*O dahed &h@&%h?étepsfﬁafe tﬁ 3 mls.

13. The ca ary tip as clained in claimi12, wherein the capillary tip is
confi guredwtre recei ve and bond copper wire. 14. A capillary tip for deformng
a bonding wire, conprising: a bottomface surrounding an inner periphery at
the bottomof the <capillary tip, the bottom face extending substantially

radially ig a drpgeh pery ﬁasaa%adaﬁ ah to%d&qhéw&étﬂngerauﬁgewﬁefeweSS' ng
the bonding wire aga nst bondi ng surface;
the single angle of the second inclined surface with respect to the bonding

surface is between 4 degrees and 11 degrees.

9. The capillary tip as claimed in claim 8, wherein the single angle of the
second inclined surface with respect to the bonding surface is between 6
degrees and 10 degrees.

10. The capillary tip as claimed in claim 8 or claim 9, wherein the single

interfacial angle is between 70 degrees and 120 degrees.

11.  The capillary tip as claimed in claim 10, wherein the single interfacial
angle is between 80 degrees and 100 degrees.

12.  The capillary tip as claimed in any one of the preceding claims, wherein
the capillary tip is configured to bond bonding wire which has a diameter of at
least 3 mils.

13.  The capillary tip as claimed in claim 12, wherein the capillary tip is

configured to receive and bond copper wire.

14. A capillary tip for deforming a bonding wire, comprising:
a boftom face surrounding an inner periphery at the bottom of the

capillary tip, the bottom face extending substantially radially in a direction



a first inclined inwardly tapering surface, which appears as two straight

| i nes when viewed in cross-section, |ocated between the bottom face and a
second inclined surface, a |ower end ofs4he first inclined surface merging
with aradially outer margin of the botitomface; and the second inclined

surface conprising a groove having a radius, |ocated between the first

i nclined Séﬂbﬁg% mfchdiy eeﬁ&h?%waea%v Péssﬁﬁ&théﬁ@h&h?rvwé 'againtsh‘{héecond

inclined surface extending obl'iquely to the first inclined Surface. 15. The
capi |l I ary bonding sutfa¢ered in claim 14, wherein the groove corrpri ses a radius

f b 0. 25 0.5 t di f .t he bondi Th
gapi Flt \z;\?;nti p a%%sfqénwé'&d 'HVW%FQJY ﬁ?ﬂ%"r{ x Lér&a:ciren%m%h 5P8§€@|%% E@@% a ragl us
of bet weenjifas3nhandiéws® if iovBSs-8éctivrliiGRmES bebivebARhE YHHoRY fidd andly- The

capillary tip as claimed in an% one of claims 14 to 16, wherein the outer
peri phery ﬁmm\du iselined suifhass aolowssenseof tbea‘ﬁsfalndhmad75umfa¢aamemglng with anet er of

t he bondln rnr Thec l%ﬁté tap laimed in claim1l7, wherein the
out er per| VBB’TS%F“%TQE‘% (ﬂ MiESGetMen 0.35 and 0.55 times a di ameter
of the bOﬂdl ng th‘é’I éécoHcP indifHRdC 8RifhtAr dorhpisiAg &'q”rbﬁ?@' hdviddya da8iuef cl ai ms

14 to 18, wherein a height of a | owest point” of The outer perlphery froma
pl ane t hat locatedopetween thet first heclinedt eurfaee:ean@ amenmnperuﬁ'lemdofothbtl mes of

a dianeter of. the bnd| W|re 20, Th tip as c claim
19, wher ei SRR hHR g e Rd Mekied s Cﬁ’t %6*“\“{’{{9 cﬁ?ﬁl@P lé)’ehﬁ %rV Fr om t he
pl ane i s cpplifdpsuMadd) the bottom face is between 0.2 to 0.3 tinmes of a

di aneter of the bonding wre.

15.  The capillary tip as claimed in claim 14, wherein the groove comprises

a radius of between 0.25 and 0.75 times of a diameter of the bonding wire.

16. The capillary tip as claimed in claim 15, wherein the groove comprises

a radius of between 0.35 and 0.55 times of a diameter of the bonding wire.

17.  The capillary tip as claimed in any one of claims 14 to 16, wherein the
outer periphery comprises a radius of between 0.25 and 0.75 times of a

diameter of the bonding wire.

18. The capillary tip as claimed in claim 17, wherein the outer periphery
comprises a radius of between 0.35 and 0.55 times a diameter of the bonding

wire.

19. The capillary tip as ciaimed in any one of claims 14 to 18, wherein a
height of a lowest point of the outer periphery from a plane that is coplanar
with the bottom face is between 0.2 and 0.4 times of a diameter of the

bonding wire.

20. The capillary tip as claimed in claim 19, wherein the height of the
lowest point of the outer periphery from the plane is coplanar with the bottom

face is between 0.2 to 0.3 times of a diameter of the bonding wire.



