-1- CAPILLARY FOR WRE BONDING Field of the Invention The invention rel ates
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

bondi ng, for exanple, by the application of ultrasonic energy. Background
and Prior Art During the packagi ng of the sem conductor devices, it is
typically necessary to place a sem condugtor chip or integrated circuit die
onto a substrate such as a |eadfranme, and then electrically connect the die
and substrate with conductive bonding wires. In high-power integrated
circuit packages, heavy alumnum wre is commonly used to nmake the
connection and carry current between the die and the substrate. These

al um num wi res typical |y haveABILLARY FORWIRE BONDINGd above, and can be as
wide as 20 mls in dianeter. The alumnum wres are preferably bonded to
bondi ng pads of the respective die and substrate using wedge bondi ng. There
are several driidgtthtagentiawsoci ated wi th existing wedge bonding of heavy
alumnumw res. Firstly, the cost of the heavy wire wedge bonder machi nes
are expensive, which can be up to three times the cost of equival ent bal
bonder machi nqpe iFeGRA! bélaté@%té‘rdéBHIBR}J?oroael%F’H% P oRARG wfﬂ@cﬁh@% is very
low, and the tine it takes to bond a si'ngle wre wedge~ bonding is up to
three times | padievlaatp 8 capdaydor usein wgoestiioenwirgde b seonchnduciendayiee. Hence,
It makes econg b%n@ﬁgsf%r[a%mb@t h%t %b&t(o%%fhlt%%%ﬁfébéﬁér%hpuses to use
copper wire in tea um nam écause copper Wr€'is cheaper and
nore suitable to ball bonding. Therefore there are econom c and ot her
benefits to r% C%%%uggg%ypﬁgpﬂhnun1medge bondi ng machines with
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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 honding 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.



copper ball bonding machi nes. -2- In wedge bonding, since both the first and
second bonds are fornmed in an identical manner, there is no substanti al
variation in the current-carrying capacity of the wire throughout the whole
wire length as the cross-sectional area of the wire is about the sane

t hroughout 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
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stitch bond eapEscity ohthe wire at a ball bond area of the first bond is thus higher than the
current-carrying capacity 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 puil 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
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 AO with respect to a horizontal bonding surface.



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 bondi ng
wire 104 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 wre 104 onto a bondi ng surface.
Adj acent to the bottomface 108 is a slq?lng capillary tip face 110, which
| eads to an outer radius 112 of the capillary tip 102. The sl oping
capillary tip face 110 fornms a face angle AOw th respect to a horizontal
bondi ng surface. -3 A stitch bond is fornmed by the capillary tip 102
deform ng the MA face to ilcally a "l ead"
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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
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



One prior art nethod of increasing the pull strength of the wire at the
stitch bond position is described in Japanese patent publication nunber
JP2001- 291736 entitled "Capillary for Wre Bonding". The publication

di scloses a capillary with a cone shape facing dowward. A |eadi ng edge of
the capillary is fornmed in two stages. The | eading edge has a bottom face
for leading out a fine wire, and an edge,of the bottomface is used to cut
the fine wire. There is also a step-like peri pheral region which is |ocated
next to the edge. Wen the fine wire is cut by ultrasonic bonding, a part
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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 pull 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 obliguely to the bottom face; and a second inclined face
adjacent to the first inclined face and extending obliquely 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



to very fast build up of wire material resulting in bonds with | ower and

i nconsi stent stitch pull strengths. Uniformty of current-carrying capacity
at the stitch bond is |acking. Sunmary of the Invention The invention seeks
to provide a capillary for wire bonding which offers inproved bond pul
strength and current-carrying capacity as conpared to the aforenentioned
prior art. Accordingly, the invention proyides a capillary tip for defornmng
a bonding wre, conprising: a bottomface along an inner periphery of the
capillary tip for pressing the bonding wire against a bonding surface; an
out er radi us @dtaoGeaindenstbed apsuppisediyvig diie ybrerahityidfltive Brdadddemtificatic
inclined face 3 éacent to th@?bott n1 face and extending obliquely to the
bottom face; rife PveRtYhES ARENIGARHINEHAMSadj acent to the first inclined face
and extending obliquely to the first inclined face. It would be conveni ent
hereinafter to describe the invention in greater detail by reference to the
acconpanyi ng Brefipesgsplign efithe \Draw te one enbodi nent of the invention. The
particularity of the drawings and the rel ated description is -5- not to be
under st ood as superseding the generality of the broad identification of the
i nvention as lmeirhpiesl dfypriefered ambedinkmte fof Im&hni-im limracobrdahee Lvithwthegs

Exanpl es of preferred enbodi nent i.es i n accordance with the
i nvention wiliV %W“H’é'"@é’é”ct?‘? geﬁr‘\%f’al"i‘”tﬁég#@f eto%ta ?ﬁ@"&‘?ﬁ%?ﬂ?a‘ﬁ?wmsdr awi ngs,
in which: FIGnhwhitts 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

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

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.



capillary of FIG 1; FIG 3 is a cross-sectional side view of a capillary
according to a first preferred enbodinent 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 preferred enbodi nent of the invention. Detail ed Description of the
Preferred Enbodinents FIG 3 is a cross-sgctional 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
bondi ng | ocat ineeadhsfaigingle sidping eapitlaryhipl facd 6.10Asbo@FIeM ¥ waeislBuad in he
capillary tip 12 i s op rati)fe to ﬁ%es and _ def orm t he bondi ng wre 14 after
a stitch bondhePriosaretiefartiay 1 m@ders@ég%ﬁ'Bﬂ'.neﬁ%ceo%%mﬁa Witpdne
preferably hagswflitadeh 8h&! exdéndsCafiqudlyol the (bdtiom fABeCT@ 3dchid
preferably made of copper material. -6 I'nstead of a single sloping capillary
tip face 110 insheedrace 202)thahist adjacemd t;mand exterde qblifeely 4o the fitsé incliped | ary tip

12 includes agfir I pchi.ne . 0 .adj 1q. the o0t4 Q t hat
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enbodi nent the_?ec?ng i.ncl.i ned face 22 ao ,riifs %@rsubstantially flat
surface. An of@Riia¥ ipddiipadiage Itﬁﬂ'{f OBt NBRHSHery of the capillary tip
12 is adjacent to the second inclined face 22. The height D1, which is a

hei ght of the_intersection point of the first and second inclined surfaces
20, 22 from aThe fieightHal, whichdplangighhvof hhe Hrtersectienmpoinacd the firstsafg ef er abl y

between 0.1 t QO iREIineB%ulatss 96 3P46h a ¥Bn8lthdth€ coplanar with the bottom

! face 18, is preferably between 0.1 to 0.5 of 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: 1% WD < D3 £ 3 WD. More preferably, the
diameter D3 is configured such that: 2 WD < D3 < 2% WD.

The outer radius 24 comprising a curved surface preferably has a radius R,
where 0.4WD < R £ 1WD. More preferably, the radius R is configured such
that 0.5WD s R <0.8WD

( An angte A1 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 A1 is between 6 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 39 microns
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bonding wire 14, such that: 0.1 Wb < D1 < 0.5 W. Mre preferably, t he
height D1 is configured such that: 0.3 Wb <_ D1 <_ 0.4 WD. The diameter D3
of the outer circunference of the bottomface 18 is preferably between 1 %
WD and 3 WD, such that: 1%2 W < D3 5 3 WD. Mrre preferably, the dianeter
D3 is configured such that: 2 Wb < D3 5 2'/2 WD. The outer radius 24
conprising a curved surface preferably has_a radius R, where 0.4WD _< R <
IWD. More preferably, the radius Ris configured such that 0.5WSR<_0.8WD
An angle Al of the second inclined face 22 with respect to a bonding

surface, whi ghg1 $n[¢:|‘bﬁ£C&ViltlytHi@eréQﬁicahessi thep pRIbRITAD With [rilivitegth giegr ees to
11 degrees. Mbre preferabhé the a I s between 6 degrees to 10

degrees. An FYTKH{CEEYIRG C] ‘F'B/@KQS BW 689t e faces of the first
inclined face 20 is preferably between 70 degrees to 120 degrees. Mre
preferably, the angle A2 is between 80 degrees to 100 degrees. FIG 4 is a
cross-sect i onblG.sh tea wrass-sekctional ssidecYieword: €apilarg 30yaachedingifs blsecgndf FI G
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39 microns -716.to 61 m crons. Wth this wire thickness, the problens with

pull strength and current-carrying capacity are si gnificantly reduced. FIG
5 is a cross-sectional side view of a capillary 30 according to a second
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t|p 12 includin ere |ngt onding w 4 to a
to 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 = R2 < 0.55 WD. If R2 is too
low, a weakened stitch bond may result.

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.



bondi ng | ocation. The bottomface 18 is | ocated next to the chanfered hole
16. Adjacent to the bottomface 18, there is a first inclined face 20 that
is adjacent to and extends obliquely to the bottomface 18. A second
inclined face, which in this enbodinent is in the formof a groove 26, is
adj acent to and extends at an oblique angle to the first inclined face 20.
The second inclined face or groove 26 is8formed adjacent to an outside
radius 24 of the capillary tip 12. The main difference between the first

and second e i rent s, of e capil]a 0, 30 i,s that the second inclined

face is in tﬂgﬁfgotgac&plllgrygﬁ(gaggorg&\g {"a{r%eftﬁ'sﬁ ﬁ%‘??og'm:ﬁ%?? 4 fyenrlon 2t sl opi ng
surface 22. THBBEATES sEACE cBMPEASIY whddofe oAt BEndilg wirestith & dimeter <_ R1 <_
0.75 VD. l\/bre(greferably, the radius Rl of the groove 26 is confi ggred such
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bot tom Face. 187%d0geeeRapirabsyias A duBrARE M PR bias doiiieding up o
0.4 tines of MDamsaighbeldwat: 0.2 WD < D2 5 0.4 WD. More preferably, the
depth D2 is configured such that 0.2 WO 5 D2 < 0.3 Wo. The dianmeter D4 of
the outer circunference of the bottomface 18 is preferably between 1 '/2
and 3 times ofaMAsuch that: 1'/z Wb <_ D4 < 3 WDb. Mre preferably, the
dianeter D4 is configured such that: 2 WD !5 D4!5 3 WD. -8- Wth the
capillary 10 according to the first enbodi ment of the invention, an

gl ectrical I egh SR B&IgHO TPRWidm SF $heh Toftkndls OF PTHi W ciiinar Heblared] amet er
(um) Stitch (um) area (pm?) (R) y Ohm
Conventionat 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 2872
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.



of 6 mls and a cross-sectional area of 18232.22pnR2. The wire had a length
of 5mm and an average resistance of 0.9269pOhm It was found that the

stitch bond nade fromthe capillary 10 had an el ectrical resistance that was
27% 1 ower than a prior art capillary 100 illustrated in FIG 1, as
denonstrated in Table A below Table A Capillary Design Wdth of Stitch

Thi ckness of Cross-sectional Resistance -@pm Stitch (pm area (pnt) (R p
OChm 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 - car r yi'A§ NVepHen f5scringd hesgifsis Srstentigedp verialieng medBrations apdier| | ary
100, as_demongggigbidother thaRtfode spaeiiedly deablitsedBarfcPipld fode/ u@ér?tﬁ?d tHpss- Wre
Length Fusing Tinme Fusing Current Desrgn sectional area (pnt nm (sec)
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al so found th . t t S natotal of thirty-six
wres for eacﬁhgﬁﬂwﬂgééﬁh@EW?g%#?ﬁﬁggéﬂgﬁggﬁg&ﬁﬁgﬂdesign according to a
preferred enbodi nent of the invention, the capillary 10 was able to achi eve
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 enbodi ment of the invention was therefore about 100g. -9-



The invention described herein is susceptible to variations, nodifications
and/or additions 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. -10- CLAIMS: 1. A capillary tip for deformng a bonding wre,
conprising: a bottomface along an inner-1¥eriphery of the capillary tip for
pressing the bonding wire against a bonding surface; an outer radius al ong
an outer perighziéépf the capillary tip; a first inclined face adjacent to
the bottomfa - extending obliquely to the bottom face; and a second
inclined face adjacent to the first inclined face and extending obliquely
to the first inclined face, 2. The capillary tip as clainmed in claim]1,
wher ei n t he sdcondAicaeilamydip for defermipmerhandiicawvisricomanisingl |y fl at surface. 3.

2 i ner sect ] on bt boforf EE pldhglHinbr pffprfehP Ll e oHMBHE L o S1esaify, T O
i's coplanar e bortdireg w'meagain‘s’raa:_borhcﬁng)emr‘_fmn 0.1 to 0.5 times of a dianeter
N A e R

5. The capillary tafrasdihéd fiRd ddiacenytodthe beftoinitace bee esiengingl cbligsely Wher ei n

a di aneter of an outer ci r_cum‘ erence of the bottomface is between 1 % and
3 tinmes of al@ihgRotem et ponding wire. 6. The capillary tip as clai med

in claims, whereig sbBshdlingifidiact BdRRENEBMhe first inclined face and extending
obliguely to the first inclined face.

2. The capillary tip as claimed in ctaim 1, wherein the second inclined

face comprises a substantially flat surface.

3. The capillary tip as claimed in claim 1 or claim 2, wherein a height from
an intersection between the first and second inclined faces 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.

4, The capillary tip as claimed in claim 3, wherein the height is between
0.3 to 0.4 times of a diameter of the bonding wire.

5. 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%z and 3

times of a diameter of the bonding wire.

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

2 and 2% times of a diameter of the bonding wire.

7. The capillary tip as claimed in any one of the preceding claims, wherein
the outer radius comprises a curved surface with a radius of between 0.4

times of a diameter of the bonding wire, and the diameter of the bonding wire.



2 and 2'/2 times of a dianeter of the bonding wire. 7. The capillary tip as
clainmed in any one of the preceding clains, wherein the outer radius
conprises a curved surface with a radius of between 0.4 tinmes of a dianeter
of the bonding wire, and the dianeter of the bonding wire. -11- 8. The
capillary tip as clained in claim7, wherein the outer radius conprises a
radius of between 0.5 and 0.8 tines of a 'dicaneter of the bondi ng wre. 9.
The capillary tip as claimed in any one of the preceding clains, wherein an
angl e of the geco | hned. i res o j is

bet ween 4 deg?'eesnﬂ]rédr&?&m%@gpéggss.e c%&gq'h@ @gﬁlﬁ'awge't%?gqgé;q%ﬁ%{ tr—r%g&sl n claim
9, wherein theorapriges aofadiuseofdetweeh 0.i5rarid h8dinfesosf anliametes b et boradinde
bondi ng surface is between 6 degrees and 10 degrees. 11. The capillary tip
as clained i "4y one of the preceding clainms, wherein an interfacial angle
bet ween opposite faces of the first inclined face is between 70 degrees to
120 degrees. 12. The capillary tip as.clained in claim11l, wherein the angle
i s between 88 degieceaniiar e agstpiraed In ary oneef tha preqesing daimsawhetel ned in

any one of 1thg,DigfLdf ik SbEHIBincHA] ficd w&ﬁ?e@;fé”c?%’aj BEhdiAG duaee iSonpr i ses

a groove. 14. The“capillary tip as clainmed in claim 13, wherein the groove
conprises a beldlead 4odegressehl Ddegregand 0. 75 tinmes of a dianeter of the
bonding wire. 15. The capillary tip as clainmed in claim 14, wherein the
groove conprises a radius of between 0.35 and 0.55 tines of a dianeter of
t he bondi ng wige. Tite capiltarg fipiak|ciimetiiip clain @ avherth the amye ontbeakecondi N8 13
to 15, wherel %cﬁ#gd face with respect to the bonding surface is between 6 degrees and 10

degrees.

11.  The capillary tip as claimed in any one of the preceding claims, wherein
an interfacial angle between opposite faces of the first inclined face is
between 70 degrees to 120 degrees.

12.  The capillary tip as claimed in claim 11, wherein the angle is between
80 degrees to 100 degrees.

13.  The capillary tip as claimed in any one of the preceding claims, wherein

the second inclined face comprises a groove.

14.  The capillary tip as claimed in claim 13, wherein the groove comprises
a radius of between 0.25 and 0.75 times of a diameter of the bonding wire.

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

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

16.  The capillary tip as claimed in any one of claims 13 to 15, wherein the
outer radius comprises a radius of between 0.25 and 0.75 times of a diameter

of the bonding wire.



outer radius conprises a radius of between 0.25 and 0.75 tinmes of a dianeter
of the bonding wire. -12- 17. The capillary tip as clainmed in claim 16,
wherein the outer radius conprises a radius of between 0.35 and 0.55 tines
a dianeter of the bonding wre. 18. The capillary tip as clained in any one
of claims 13 to 17, wherein a height of a | owest point of the outer radius
froma plane that is coplanar with the-B8ttomface is between 0.2 and 0.4
times of a dianmeter of the bonding wre. 19. The capillary tip as clained

in claim 18, in the height of the  |owest,pojnt of the outer radi
from tho pl antl t hats SARIRY RASAHBIEh BTN PRt IS AR RHS " 0 0. 3

times of a di @ymbrivesef radie di@RHVEEh BV3EandA55 tiMes eadambri Yf tHePb@ligg ai med in
any one of the preceding clains, wherein the bonding wire has a dianeter of

at least 3 niWk€. 21. The capillary tip as claimed in claim20, wherein the
bonding wire conprises copper wre.

18.  The capillary tip as claimed in any one of claims 13 to 17, wherein a
height of a lowest point of the outer radius 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.

19. The capillary tip as claimed in claim 18, wherein the height of the
{ lowest point of the outer radius from the plane that is coplanar with the bottom

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

20.  The capillary tip as claimed in any one of the preceding claims, wherein
the bonding wire has a diameter of at least 3 mils.

21. The capillary tip as claimed in claim 20, wherein the bonding wire

comprises copper wire.



