LOW-PROFILE CAPILLARY FOR WIRE BONDING Related Application
[0001] This application is related to and claims priority from U.S.
Application Serial No. 60/570,341, filed May 12, 2004, which is
incorporated herein by reference in its entirety. Field of the Invention
[0002] The present invention relates to wire bonding, and more particularly
to a capillary used to feed wire in a wire bonding apparatus. Background
of the Invention [0 OOSi?In the electronics industry, conductive metal wire is
used in a variet ROHLE CARU ARG FAR BIRERANDENG nnect
contact points on the deV|ce to other contact points. The most commonly
used materials for wire bonding are gold and aluminum, although copper
and silver are also used at times depending on the application. A wire
bond is formed by attaching a lelgtedobniticatianeen two contact
locations. In order to form the attachment, various devices are used to
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V|ces Used to Sever an wire are
thdpmiftoniptebsided (Fle) lﬂa&@ﬁésmf(wsp@mgmﬁédm@wbsy@@m@% in its
TQ@LM@@ is typically formed with a generally parabolic or elliptical shape
and is, thus, referred to as a wire "loop”. [0004] Two well known
techniques for bonding a wire to contact locations of an electronic device
are ball bonding and wedge bBrddef. tBelhentling is generally the
preferred technique, particularly in the -semiconductor industry in which
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héA ar ym% a wire 8lng to8F g6 E%‘Bﬁ\‘&ry. A capillary is an
elongated tubular structure and has an axial passage through which a

length of wire is fed for borétakigsgund efcheihy eifintratus. Ball

[0003] In the electronics industry, conductive metal wire is used in a variety of
devices, such as semiconductor devices, to connect contact points on the device to other
contact points. The most commonly used materials for wire bonding are gold and
aluminum, although copper and silver are also used at times depending on the
application. A wire bond is formed by attaching a length of wire between two contact
locations. In order to form the attachment, various devices are used to sever and bond
(e.g., melt) the wire ends to the contact location. Some of the most common devices
used to sever and melt the wire are thermocompression (T/C), thermosonic (T/S) or
ultrasonic (U/S} devices. The wire is typically formed with a generally parabolic or

elliptical shape and is, thus, referred to as a wire "loop".

[6004] Two well known techniques for bonding a wire to contact locations of an
electronic device are ball bonding and wedge bonding. Ball bonding is generally the
preferred technique, particularly in the -semiconductor industry in which more than 90

percent of all semiconductor devices are manufactured using ball bonding,



bonding apparatuses also typically include an electronic flame-off (EFO)
wand that, when fired, supplies a spark that melts an end portion of the

wire extending from the capillary. As the molten end portion of the wire
solidifies, surface tension forms the end portion into a substantially
spherical shape. The spherically shaped portion of the wire formed by the
EFO wand is referred to as a "free-air ball". The free-air ball is bonded to
ofida3] the Bahtaaidingnisparztive ssimalicind botar kadicergtmubsiiatddnding tool
plastic defaormation qf the.hall anto the contact. [0Q006] Referring.tq Fig. 1, .
CHaeh S S ALY, 8 SRy 0 RN AR R R A B o

efepgacabrengiftdichadigth sl el imdreabpiaibendisgepparatus. Ball
CORGH P AR L ARSI SneriRILI ALY JEcHefiReR A 3l Bas5adsmd 8hat,

extending. through the capillary for passage of a wire to be bonded by a
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surface. The working tips of known capillaries vary in configuration. An

eRbihalberinghr£88K%or the working tip of a capillary for a wire bonding
apparatus is described in U.S. Pat. No. 6,715,658. [0007] As shown in
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tip 20 of the capiliary 10 is adapted to form wire bonds through plastic deformation and
interfacial interaction at contact locations, for example, on a substrate surface. The
working tips of known capillaries vary in configuration. An example configuration for
the working tip of a capillary for a wire bonding apparatus is described in U.S. Pat. No.
6,715,658.

[0007]  As shown in Fig. 1, the conical portion 16 of the capillary shaft 12 widens
from the working tip 20 at an angle, which is sometimes referred to as the cone angle for
the capillary 10. The cylindrical portion 14 of the capillary shaft 12 is engaged by a
transducer (not shown) adjacent a terminal end 22 of the capillary 10 opposite the
working tip 20. The transducer vibrates the capillary shaft 12 to supply ultrasonic energy
at the working tip 20 of the capillary 10. The ulirasonic energy supplied by the
transducer facilitates the above-described plastic deformation and interfacial interaction
between the wire and the contact points at a bond site location. As shown in Fig. 1, the

diameter of shaft 12 of the prior art capillary 10 remains substantially constant in the



diameter of shaft 12 of the prior art capillary 10 remains substantially
constant in the 2 cylindrical portion 14 from the terminal
transducer-engaging end of the shaft 12 to the intersection between the
cylindrical portion 14 and the conical portion 16. [00081 It is desirable that
the diameter of the free-air ball formed at the end of the wire be aligned

as closely as possible with the centerline of a capillary. Concentricity
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concentrically aligned with the wire diameter and, instead, must be .
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of the present invention, a wire bonding tool is provided. The wire
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Summary of the Invention

{0010]  According to an exemplary embodiment of the present invention, a wire
bonding tool is provided. The wire bonding tool includes a first cylindrical portion
having a first outside diameter and a second cylindrical portion adjacent the first
cylindrical portion. The second cylindrical portion has a second outside diameter, the
second outside diameter being less than the first outside diameter. The wire bonding tool
also includes a tapered portion adjacent the second cylindrical portion. The tapered
portion has a third outside diameter at an end adjacent the second cylindrical portion, the

third outside diameter being less than the first outside diameter.

[0011]  According to another exemplary embodiment of the present invention, a wire
‘bonding system is provided. The wire bonding system includes a wire bonding tool and
an EFO wand configured to form a free-air ball at an end of the wire bonding tool. The

wire bonding tool includes a first cylindrical portion having a first outside diameter and a



[00111 According to another exemplary embodiment of the present
invention, a wire bonding system is provided. The wire bonding system
includes a wire bonding tool and an EFO wand configured to form a
free-air ball at an end of the wire bonding tool. The wire bonding tool
includes a first cylindrical portion having a first outside diameter and a 3
second cylindrical portion adjacent the first cylindrical portion. The second
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SRR M SRUETSR, PHET S RO S RSB A R S o R e £y ndexing
prysent)\etoredfeisdapivibeinigsneiystioae; dkdllvemge dhat this invention is not
limited to the precise arrangements and instrumentalities shown. In the
drawings: [0013] Fig. | is a side view illustrating a capillary for a wire

bonding apparatus accdiEHiPertRetiemrLibeBsaingy. 2 is a side view

of a capillary for a wire bonding apparatus according to an exemplary
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portion of a wire bondlng system during an indexing operation in
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according to the prior art;

[0014]  Fig. 2 is a side view of a capillary for a wire bonding apparatus according to

an exemplary embodiment of the present invention;

[0615]  Fig. 3 is graphical illustration with photographic inserts illustrating the
relationship between spark angle and free-air ball concentricity in accordance with an

exemplary embodiment of the present invention,

f0016]  Fig. 4A is a side view of a portion of a wire bonding system during an
indexing operation in accordance with an exemplary embodiment of the present

invention;

[0017]  Fig. 4B is a side view of a portion of a wire bonding system during a flame-

off operation in accordance with an exemplary embodiment of the present invention;

{0018] - Fig. 4C is a side view of a portion of a wire bonding system during a wire
bonding operation in accordance with an exemplary embodiment of the present

invention; and



[0017] Fig. 4B is a side view of a portion of a wire bonding system during
a flame- off operation in accordance with an exemplary embodiment of the
present invention; [0018] Fig. 4C is a side view of a portion of a wire
bonding system during a wire bonding operation in accordance with an
exemplary embodiment of the present invention; and 4 [0019] Fig. 4D is a
detailed side view of a capillary and an electronic flame-off wand in
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capillary includes an axial passage extending through the capillary for
passage of a length of RefailehBessrip fieisefffee Bravei#sbly substantially
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drawings, where like numerals |dent|fy I|ke elements there is illustrated in
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ofttthrm&rm)mcal portion and a substantzally cylmdrlcai portlon ad_;acent the conical
portion. The cylindrical portion of the capillary includes first and second segments, the
second segment extending from the conical portion. The second segment of the
substantially cylindrical portion has an outer diameter that is reduced with respect to that

of the first segment.

[0022]  Referring to the drawings, where like numerals identify like elements, there is
illustrated in Fig. 2, a capillary 24 according fo the present invention for use with a wire
bonding apparatus. As described in greater detail below, the capillary 24 of the present
invention allows an electronic flame-off (EFO) wand to direct a spark towards a terminal
end of a wire carried by the capillary 24 at a spark angle that desirably reduces
asymmetry of free-air balls formed by the EFO wand. The reduced free-air ball
asymmetry provided by the present invention results in increased accuracy in the

placement of wire bonds at bond site locations targeted by the capillary 24.

[0023]  The capillary 24 of the present invention includes a shaft 26 and a working tip
28 located at a terminal end of the shaft 26, The particular configuration of the working
tip 28 is not critical to the present invention. A suitable configuration for the working tip



invention allows an electronic flame-off (EFO) wand to direct a spark
towards a terminal end of a wire carried by the capillary 24 at a spark
angle that desirably reduces asymmetry of free-air balls formed by the
EFO wand. The reduced free-air ball asymmetry provided by the present
invention results in increased accuracy in the placement of wire bonds at
bond site locations targeted by the capillary 24. [0023] The capillary 24 of
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segment The %yter diameter. of the shaft 26 in the second segment 38

of m%riltlindﬂ%%? SAREIE AL S SN RS 58 S RSl ggment 36 over its
threntightsnethéd. 2eddmdecond segment 38 is contiguous with the conical portion 32 and

the first segment 36. The outer diameter of the shaft 26 in the second segment 38 of the
cylindrical portion 34 is, preferably, substantially constant throughout the second
segment 38. An important factor affecting the minimum outer diameter for the second
segment 38 of the cylindrical portion 34 is wall thickness. As shown in Fig. 2, the
diameter of the axial passage 30 of capillary 24 is variable. The diameter of the passage
30 decreases in the direction of the working tip 28 to facilitate insertion of a wire into the
axial passage 30 and to guide the wire towards the open end of the waorking tip 28,
Accordingly, the wall thickness in the cylindrical portion 34 of capillary 24 will be a
minimum in the second segment 38 adjacent the juncture with the first segment 36
because the outer diameter of the second segment 38 is constant throughout the length
L2. Stresses created in the wall of the capillary 24 by the ultrasonic vibrations applied by
a transducer will be largest in the relatively thin-walled portion of the second segment 38
adjacent the first segment 36. To provide sufficient robustness for the capillary 24, the
minimum wall thickness in the second segment 38 of the cylindrical portion 34 is

~ preferably at least approximately 0.003 inches.



segment 38. An important factor affecting the minimum outer diameter for
the second segment 38 of the cylindrical portion 34 is wall thickness. As
shown in Fig. 2, the diameter of the axial passage 30 of capillary 24 is
variable. The diameter of the passage 30 decreases in the direction of the
working tip 28 to facilitate insertion of a wire into the axial passage 30 and
to guide the wire towards the open end of the working tip 28. Accordingly,
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conical portion 32 of the capillary 24 is less. A variety of factors will
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including capillary dynamics, the resonant frequency of the ultrasonic
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working tip 28 compared to that of conventional capillaries, but also reduce, albeit

minimally, the overall mass of capillary.

[0028]  The reduction in the outer dimensions of the second segment 38 permits the
EFO wand to be positioned closer to the centerline of the capillary 24 without
detrimentally affecting the ability of the capillary 24 to move between a raised position
and a lowered position during a bonding operation. By locating the EFO wand more
closely to the centerline of the capillary 24 than was previously practical, the spark path
angle can be changed to one more closely approximating an ideal, aligned, configuration,
As discussed previously, an aligned configuration would result in the least amount of

asymmetry for the free-air ball formed by the EFO wand at the end of the wire.

[0029] As a non-limiting example, assume a transducer (not shown) accepts a
capillary having a diameter of 0.0625 inches at the upper end of the capillary.
Accordingly, the first segment 36 of the cylindrical shaft portion 34 of capillary 24 would



should not be reduced to the extent that configuration of the conical
_portion 320of capillary 24 would interfere with adjacently bonded wires.
[0027] As a result, the reduced diameter of the second segment 38 and
the shorter length of the conical portion 32 not only permit closer
placement of the EFO wand to the working tip 28 compared to that of
conventional capillaries, but also reduce, albeit minimally, the overall
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assume a transducer (not shown) accepts a capillary having a diameter
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cldser t6 the centerline of the capillary 24. [0030]

Assuming that the spark angle is defined as the angle of the spark pat
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veshitalystyiendedyanasky of the resulting free-air balls formed at the end of a wire.

The dark circles represent test data points in which free-air balls were formed using

varying spark angles and the asymmetry between the free-air ball and the wire diameter
on which the free-air ball was formed was measured. A second order curve was then
calculated for the test data points using curve-fitting calculations. As shown, the

resulting second order equation is:

y =0.0016x" — 0.3244x + 14.876 Eq. 1

Where: x = spark angle (degrees) and y = ball asymmetry (um).

[0032]  According to the resulting curve, an increase in spark angle from
approximately 40 degrees to approximately 52 degrees results in a decrease in free-air
ball asymmetry from approximately 4.5 microns to approximately 2.4 microns. Thus, the
closer spacing of the EFO wand provided by the reduced capillary profile of the present

invention results in a nearly 50 percent reduction in free-air ball asymmetry.



path), the spark angle associated with the prior art capillary 10 having
0.0625 inch diameter throughout its cylindrical portion is approximately 40
degrees. The exemplary embodiment of the present invention described
in the preceding paragraph, on the other hand, permits the EFO wand to
be placed more closely to the centerline of the capillary 24, increasing the
spark angle to approximately 52 degrees. [0031] Referring to Fig. 3, a
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usingaivaafing fopack. angla&mﬂtﬂaagsmmuychﬁmmmﬁmngmﬁwu angle
aggdtpsenWI ec i%q]ng e w enV\{HICh t ¥ frge[‘ﬁ 1?' n?xa gswc?t% gﬁi 65 degrees.
measurea. Asecond order curve wasthen' calculated for the test data
points usm% curve- flttlng calculations. As shown, the resulting second

of8B3 4 qualitt i yllugiiaies 6yse. badingiooh 41876 £ capillgReAI0) In 2 raised

srgagklaﬁlglﬁtﬁdﬂgpeasioaawmgba&mymmetrw@sm [RZhAcsaringuitted in
resultln urye, an i cre se in arkan approximately 4 .
’8}5%83 %géﬁrsol%ﬁ% ;?qos 8egrePe85 Tasu 9s%h e?{néé?%%sg( in e téexéerarggﬁmly
asgdnmétasy romrsdfmxdiitelyClagipiigrored €02 sprexisharelyin raredgrasition,

Qgﬁ-‘ 5@%@&9%&5&1%%@ %&i&ﬁ&ﬁfﬁémga&m\@&i @gbxgﬁb&a%&%@%exed into

ary protile of the present invention results in a nearly 50 percent

rerptironan hesdiag pufressgAPbreByndinedssi f14. inckidesibit qulingrigal portion
Dh@tﬁg%@&ﬁiﬂ@gﬁ&tﬂiﬁ%aﬁtmm Of)ﬁl?l%@ﬁéuﬁbb@ﬁéndﬂtﬂzﬁ(Bﬁtﬁiﬁ@?wwglo is
th asymmetry, etween the, free-aif ba e w. | the free

it AR e N R RN L)
arEjle ans ig0dearhiselibhisteded, vahémrtﬁedspﬂf@anglé&@ |ﬁlinéasbdapmg tool 402
RRIAM, 'ymﬂ é’ﬁﬂ 855 d9%4 lfoftof' taé\e%%'sv ipaIoRl AhQited

e 0 cap A raised _position with spect to ing surface
AQoration fﬂlél‘@mm)mﬂfﬁﬁ%mﬂtt’é’d‘ mchﬂémEFQrféPtﬁ%ﬁ&zes and

positions of certain of the illustrated elements are arbitrarily
[0035]  Fig. 4B illustrates clamping tool 402 in a lowered position with respect to

bonding surface 400. In this position the “firing” of EFO wand 404 may be
accomplished to form a free-air-ball at an end portion of a wire (not illustrated in Fig.
4B) extending through bonding tool 410.

[0036]  Fig. 4C illustrates bonding tool 410 in a lowered position for performing a
wire bonding operation with respect to a device on bonding surface 400. Bonding tool
410 extends through an aperture defined by clamp 402 (the aperture is not visible in Fig. .
4C). During the illustrated wire bonding operation, EFO tip 406 is positioned a distance
from second cylindrical portion 410b, wherein the distance is less than the difference
between the outside diameter of first cylindrical portion 410a and the outside diameter
second cylindrical portion 410b (in the illustrated embodiment the distance is also less
than the difference between a radius of first cylindrical portion 410a and a radius of

second cylindrical portion 410b).

" [6037] As shown in Fig. 4C, it is clear that EFO wand 404 (including EFO tip 406) is

closer to the centerline of bonding tool 410 than it would be if'second cylindrical portion



reduced or increased for clarity. Clamping tool 402 is also shown in a
raised position, such as when an indexing operation is being performed
(e.g., substrates are indexed into position on bonding surface 400).
Bonding tool 410 includes first cylindrical portion 410a, second cylindrical
portion 410b, and conical portion 410c. Bonding tool 410 is illustrated as
being engaged with transducer 408 (through first cylindrical portion 410a).

EF{dyva0%4 Qdnls aisadl sl alstaRa-RA!GRR Ol PrQS MR “firing” of the
clamé)lng tool 402 (and bonding tool 410) in the raised %osmon of Fig. 4A,

it FE Qe 48 -theil 1Reanntilied idh Foe-tH8hSbRiER OrtiFesinarigssnlo the
inedhidinigf Cotigi DG ol A0 8%L duigss 4B st RS Glampimetaei-80R in a
lowered position with respect to bonding surface 400. In this position the

"fi[rdﬂgéc'; of EfRp wigndlA04Manpg, QPW&BME%B% i1PH grng‘f%@é[ﬁ%%'hﬂstrated

an end portion of a wire (not illustrated in Fig. extendi roug

bémbisg B o8 Perviduhsionsy theammistagle ssibnamsly /fcha 3otk prtbwithagspeot
p@@gxm&fapec?@rm mgaafxB\em?_tgoa@inﬁfa?i&ti%wﬁir%@fm%m@aé% EFO
on no, Surrace . bO ng too extends thro an ap rture .
R R P B B S ORI A S cbbTy e ool 410,
illFstmtedprivel b alding bp eratidimgfie@itip 406 H poediticneshd didtdrics portion
fr yhindrical j 0 in. istanced the r.
e e R B8 REE A e
af® iHéopesidengiadestably éwsengesylindrical portion 410b (in the illustrated

embodiment the distance is also less than the difference between a
ra@isepf firaihykigtribel pesdieririfecarcha badiukafriser prsaylindricas of a

portion 410b). [003 shown in.Fig. 4C, it is.clear that EFO wand.40 .

(R ) TR RS S st i BroStRm s A e e
it W@gﬂd ljé_iSse@bdmﬂndmaloporﬁdt?r@ﬂggmmmgismefdi&m@asg are
fi r&ﬁéﬁlﬁ'ﬁflﬂ_&ﬂl B r%?ﬁnﬂgaa EGM&B’Q%E‘&H&‘%& cglﬁgn\é/@ %tﬁe 3 ‘tapered

in the position shown in Fig. 4B), the EFO tip being Closer to the
caiteHhfe FSENRAY SR IvsedaRsy Angletr§th a formed
free-air-ball.
[0040] The present invention may be embodied in other specific forms without

departing from the spirit or essential attributes thereof and, accordingly, reference should
be made to the appended claims, rather than to the foregoing specification, as indicating

the scope of the invention.
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[0038] Fig. 4D is a detailed view of the spark angle in the firing position
illustrated in Fig. 4B. As provided above, the spark angle is the angle of
the spark path with respect to horizontal. As is clear from Fig. 4D, the
spark angle will desirably increase as EFO wand 404 (including EFO tip
406) is moved closer to the centerline of bonding tool 410. Thus, as
provided above, by providing bonding tool 410 with second cylindrical
C?%tﬁyr]l 10b having a diameter smaller than first cylindrical portion 410a
own in Fig. 4D), the spark angle desirably increases. [0039]
Although the present invention has been described primarily in terms of a
wire bondingtookdbfiniigesyaiseredipassage having a constant taper
?Aﬁﬁ@é&ng its length, it is not limited thereto. Alternative configurations of
e passage are contemplated, for example, a substantially linear
apasshgedogmbinediighradap brethgpgss ags; tatdperstigassage having

af B Q‘%%B‘%r Ler%d% ﬁggﬁ%e-ghzﬁr%rﬁisgp}iﬁn%%qu m%%eb@osa‘gg%sﬁ

in other speC| orms without departing from the spirit or essentia
ﬂwtmbgﬁetmdmgéoﬁhtmnansmgimgly, reference should be made to the

appended clgins, AaNSH RIS A8 50l seeslicatanyas ndicating

the scope of e invent on 10 Ing system ’
comprising: a transducer; a wire bonding tool configured to be engaged

with the trani%ggg%%ngc? @g&%{&iﬁ%ﬁﬁgmﬁ%ﬁ%&&ﬂ IRfOR0) & JrGa b%h%n,

an end of the wire bonding tool com rlsmg
first cyl|ndr|célh@é@nmdmﬁmgr@iirgbdmsli:i@ui@mﬂ@m%ﬁ)@msekoﬁidmeter, the

cyindrical pogtionaciaeeal Haieel wind kAl RRMOM. R SSHRS eter,

cylindrical portlon aving a secon ameter, the secon outs e
diameter beidgdess than the first outside diameter,

(c) a tapered portion adjacent the second cylindrical portion, the
tapered portion having a third outside diameter at an end adjacent the
second cylindrical portion, the third outside diameter being less than

the first outside diameter,

wherein an end of the first cylindrical portion adjacent the second cylindrical
portion does not extend below the transducer during engagement of the wire

bonding tool with the transducer.

2. The wire bonding system of claim 1 wherein the second outside

diameter is substantially identical to the third outside diameter.
3. The wire bonding system of claim 1 or 2 wherein the wire bonding
tool defines a passage extending through each of the first cylindrical portion, the

second cylindrical portion, and the tapered portion.

11



and (c) a tapered portion adjacent the second cylindrical portion, the
tapered portion having a third outside diameter at an end adjacent the
second cylindrical portion, the third outside diameter being less than the
first outside diameter, wherein an end of the first cylindrical portion
adjacent the second cylindrical portion does not extend below the
transducer during engagement of the wire bonding tool with the

transducer. 2. The.wire bandin stem of claim 1 wherein the second
outsi((izli(;jJ diah%gf:ep?ge&%&%a{ﬁﬁa g}%@nacﬁ?g?h% thirc '%}“ﬂtg? e |§%%§t§ﬁt§9ds

albng wiknisoimating thesvam bbudaim tbadr 2 wherein the wire bonding tool
defines a passage extending through each of the first cylindrical portion,
the second cylindrical portion, and the tapered portion. 11 4. The wire

bondiAg systEm ofictalm@iwhensintheDabsays exténddicatdmghe passage is
rline.of.the wij ing tool. 5. The wire honding system of claim, 3

e R aE 09 (8¢ e S R AT R B
pddiressde fiaperededirgoeylindrical portion to the tapered portion. 6. The

wire bonding system of any one of the preceding claims wherein the

tapered portion has a conical shape. 7. The wire bonding system of any

one ofithe prEeeting blmidusashisiaimobaty ohthe BRQwwading dainfigwisgein
tl’*iJQ Qgeﬁ’é’égm«gg ggsjgcc%qggggfsﬁ%gnd cylindrical portion during a wire

on

Ing operation. 8. The wire bonding system of any one of the
preceding claims wherein the second outer diameter is substantially

constant aloﬁ@vﬁ&%&ﬁﬁ@%?&%&ngf &ﬁl)lf Ig)%récoql R r&%@ediﬁg claims wherein

a tip of the EFO wand is configured to be positioned adjacent the second cylindrical

portion during a wire bonding operation.

8. The wire bonding system of any one of the preceding claims wherein
the second outer diameter is substantially constant along a length of the second

cylindrical portion.

9. The wire bonding system of any one of the preceding claims wherein
the first outside diameter is approximately 0.0625 inches, and the second outside

diameter is approximately 0.0375 inches.

10.  The wire bonding system of any one of the preceding claims wherein,
during a wirebonding operation of the wire bonding system, a tip of the EFO wand
is positioned a distance from the second cylindrical portion, whetein the distance is
less than the difference between the first outside diameter and the second outside

diameter.

12



9. The wire bonding system of any one of the preceding claims wherein
the first outside diameter is approximately 0.0625 inches, and the second
outside diameter is approximately 0.0375 inches. 10. The wire bonding
system of any one of the preceding claims wherein, during a wirebonding
operation of the wire bonding system, a tip of the EFO wand is positioned
a distance from the second cylindrical portion, wherein the distance is
less tt'ﬁn th ifferen$ kg%vg\éeentthe f#rst outsid% rﬁl?iameteaand he seclond.
outside ‘diameter, 12 11 THe*Wire b8 81}¥g°§§?s? eof’lgﬁf/ Ofe BfHe Whereln
appestidimg Claitiis wWhaeeFF@ pasitiofuoha tpfoiipekr@iwand tieriRG@ wand
fiing operation gf the EFO wand defines a spark angle with respect to a
R e S T S B S el e e
tveirel B dagiees system of any one of the preceding claims wherein a tip of
the EFO wand is configured to be positioned adjacent a lower end of the
transducer during a wire bonding operation. 1.3. The wire bonding system
of anyl@ne ofltirevpre deditig £ lisnsnwdferejnose tiff tfcthe:Edd gvenihis wherein
configured.to be positioned.adjacent (1) the second,.cylindrical portio
R g R B i TSt Bt of e
tithedudre dondirgreystemdad @aoyeoaéof the preceding claims wherein a
length of the first cylindrical portion is between 0.120 inches and 0.144
inches. 13
13, The wire bonding system of any one of the preceding claims wherein

a tip of the EFO wand is configured to be positioned adjacent (1) the second
cylindrical portion and (2) a lower end of the transducer during a wire bonding

operation.

14. The wire bonding system of any one of the preceding claims wherein

a length of the first cylindrical portion is between 0.120 inches and 0.144 inches.
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