LOW-PROFILE CAPILLARY FOR WIRE BONDING Related Application
100011 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 he Invention
[0002] The present invention relates to wire bonding, and more particularly
to a capillary used to feed wire in a wire bonding appara

of the Invention [0893]HR digrele 1C5 AREH xendy
used in a variety of devices, such as semiconductor
contact points on the device to other contact points. The most commonly

used materials for wire bonding are gold and aluminum, although copper

and si]ver are also used at timeﬁegagﬁgg?ging %%Qe application. A wire

bond is formed by attaching a length o re between two contact

locations. In order to form the attachment, various devices are used to
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and is, thus, referred to as a wire "loop". [0004] Two well Ichnown

techniques for bonding a wire {p niact locations of an electronic device

are ball bonding and wedge bON¢ |n8. 5 %%ngﬁign is generally the

preferred technique, particularly in the -semiconductor industry in which
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carrying a wire bonding tool
Background of the Invention

10603] 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 tb sever and melt the wire are thermocompression (T/C), thermosonic (1/S) or
uitrasonic (U/S) devices. The wire is typically formed with a generally parabolic or

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

[0084] 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.



such as a capillary. A capillary is an elongated, tubular structure and has

an axial passage through which a length of wire is fed for bonding by the

bonding apparatus. Ball 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 on of the wire solidifies, surface tension forms the end
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diameter of shaft 12 of the prior art capillary 10 remains substantially constant in the



however, to rovide access for the woricing end of the capillary to the
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cannot be concentrically aligned with the wire diameter and, instead.,
miReBEtse el wrdTisrines roRPHETcEBAiRe eTite! Assdetated

capillary. As a result, the spark from the EFO wand is directed to the
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a third outside diameter at an end adjacent the second cylindrical portion,
thegthitel outsidediameter-being less than the fist:outside.iamelghaty provided,
wherein an end of the first pxlindrical, portion_ adjacent the se‘cognd N
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invention, there i1s shown in the drawings a form that is presently
prefarresk bbeingwmderstood, however, that this invention is not limited
tog{;@eﬁ%%redse ajg‘ré%gg(ﬁirpgeg Sana r;(gplgsstl\g;.l irzﬂee %&%Eggtsigbgi%%’ni‘nﬂ}tgee is provided a wire
dr S: '
bonding system comprising: a transducer; a wire bonding tool configured to be engaged
with the transducer; and an EFO wand configured to form a free-air ball at an end of the
wire bonding tool, the wire bonding too! comprising: (a) a first cylindrical portion having
a first outside diameter. (b) a second cvlindrical portion adjacent the first cylindrical
portion, the second cylindrical portion having a second outside diameter, the second
outside diameter being less than the first outside diameter, 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 beiow the transducer during

engagement of the wire bonding tool with the transducer.

10011} The wire bonding system may include various other components (e.g., an
ultrasonic transducer, wire spooling mechanisms, a bonding plane, an indexing system,

etc.) as 1s known 1o those of ordinary skill in the art.
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[001311Fig. | is a side view illustrating a capillary for a wire -bonding
appar.aras according to the prior art; [00141Fig. 2 is a side view of a

capillary for a wire bonding apparatus according to an exemplary
embodiment of the pre%ﬁ%ﬁ&?@ﬁﬁ@ﬁi?wﬁ?ﬁﬁr@;wm@apiu.cal illustrati on
with photographic inserts illustrating the relationship between span: angi,-
HHd Hee-dirbtit comeenuitipdnaccomansewith, aR-eXaBIRY in the drawings =

embadiment of.the presentinvention, 00161Fig. 4A is a side viewofa =
portion of a wire bonding s;/‘st%?ﬁ‘%ﬁrf’?’%l éﬁ‘?ﬁ&e%’ﬁ"g‘*Oﬁe%ﬁo%%lﬂvsﬂm it Do

HEGbTeEHb: With erresesapkny ewibodimentefithe presenkitvention;s::
[00171Fig. 4B is a side view of a portion of a wire bonding system during
gflame offigperatiensincaceardanse:with an.exemplaty embediment ofthe
RLESS Artkgl’rt]{\}/ il I]jg)r?dr art; '

10614] Fig. 2 is 2 side view of & capiliary for 2 wire bending apparatus according to

an exemplary embodiment of the present invention:

{015]  Fig. 3 15 graphical iHustretion with photographic mmserts ilusoeiing the
refationship betwesn spark angle and free-air ball concer Wicity in sccordance with an

exemplary embodiment of the present invention;
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[001&]  Fig. 4A is & side view of & portion of & wire bonding system during an
indexing operation in accordance with an exemplary smbodimen: of the present

invenuon;

foerm ¥1g. 4B is 2 side view of 2 poriion of 2 wire bonding system during a fiame-

off operation in accordance with an sxem plary embodiment of the present invention,

‘ Tie A0 e 5 ol . . " P - .
0418} Fig. 4C 15 2 side view of & portion of & wire ponding system during a wirs
ponding operation in accordance with an oxemplary embodiment of the presen:

mvention, and



100181Fig. 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; arid [0019]Fig. 4D is a detailed side view of a
capillary and an electronic flame-off wand in accordance with an
exemplary embodiment of the present invention. Detailed Description of
the Drawings [0020]According to the present invention there is provided a

cafitty forHanie Barisiatedsisie ity ofiewupmmapdra gireg epcfame-off wand
passags-exRndinGivaghthecapilanqiurpassasachadanath of wire.

The axial passage is preferably substantially aligned with a centerline of

the capillary. Certain o%%ga@ég%g%j%@ @gﬂt% &%@#t @/i%rg reduced to

allow for closer spacing between enterline of the capillary and the
Wand%§f an electrgnic flame-off device (EFO). Clgser spacing befween the |
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second segents, the second segment extending from the conical
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decreased asymmetry between the free-air ball formed at the end of a wire and the
centerline of the capillary.

06211  In certain exemplary embodiments, the c;épiliary of the present invention
comprises a conical portion and a substantially cylindrical portion adjacent 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.

[6622]  Referring to the drawings, where like numerals identify like elements, there is
illustrated in Fig. 2, a capillary 24 according to 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 (EFQO) wand to direct a spark towards a terminal
end of a wire carried by the capillary 24 at a spark angle that desirably reduces
asymmeiry of free-air balls formed by the EFO wand. The reduced free-air ball
asymmetry provided by the present invention resulis in increased accuracy in the

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

(6023} 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



[0022]Referring to the drawings, where like numerals identify like
elements, there is illustrated in Fig. 2, a capillary 24 according to 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 carriedé%y,the c?glla(y 24 at a spark angle that desirably reduces
asy ety itred-SAsrboindd by e or 6 WahtRThicbda deebfromtait herein

balhasyieneiin pmid@ﬂybsstﬁﬁmrwtﬂﬁy@&téQﬁbi%'?!rltﬁ)jQHQEE@Q&&? 24 includes
aceurac 1inaghe g&ce eQI of.wiréjbond %t bond site locations targeted by
the capillary 24 5%%%3] e AR A DA Bratatt tvssnbaline Ridhe Gpiliary
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
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diameter and |length L3 of the first segment 36 is sized for engageme

with 488 fveAiBHE thanStudgtghol-dhshviye Siive wengaindduerbhipe between

mappts:dmatgipioRodhihes aapilipmaenivdial portigmenay have the
thickened or sturdier capillary wall structure. Preferably, the length L3 of

thagirstisegmani-30.vauldhe.he! roximately 0.120 inches and
apqproxi;nately 0.144Iinches. foogg%%e%%%%ﬁmeorg%ﬁﬁg%g%ﬁlsatr(f/%%Hﬁ]%g’ e EFO
red(fddarvsRlaced desws iehnivaskitery. Accordingly, as shown in Fig, 2, the second

segment 38 has a diameter that is less than the diameter of the first segment 36 over its
entire length L2. The second segment 38 is contignous 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 F ig. 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, 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.



wand to be placed closer to the working tip. Accordingly, as shown in Fig.

2, the second segment 38 has a diameter that is less than the diameter of

the first segment 36 over its entire length L2. The second 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
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working tip 28 and having an outer surface that widens along a cone angle
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approximately 20 degrees. The length, LI, of the conical portion 32 of the
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conventional capillaries. As shown in Fig. 1, the length U of the conical .
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conical portion 32 of the capillary 24 is less. A variety of factors will
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without detrimentally affecting the ability of the capillary 24 to move
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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. 100291As 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 typically have a diameter of 0.0625 inches. The
diameter of the second segment 38 of the cylindrical shaft portion 34,
however, has a reduced diameter of, for example, 0.0375 inches. As a
result, the diameter in the second segment 38 is reduced by 0.025 inches
compared to prior art capillaries which incorporate a constant diameter of

ohnsoslihkesatdiaughoot thetey imakionl pbetidiaretiehefshafteding reguetibAd of
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can be placed 0.0125 inches closer to the centerline of the capillar
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hand, permits the EFO wand to be placed more closely to the centerline of

t illary 24, i ing th t imately 52 d .
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free-air balls were formed using varying spark angles and the asymmetry

s thowben itoerliafdem owireriaarprerisrririidh deereese-Ahelsanmplary
VasHtanmest Weddneasut et ARACANLAFEE S C YUY SR e caleutated 4o omer

the test data points using curve-fitting calculations. As shown, the .
rbapflingaBtolta BFGeFathiaibR Rlasrd Boon Fisesly & dhusspierlincayise capillary

Vihehersasirgpaeks pal imitegregspandayely ballegyemetry (pm).
100321According to the resulting curve, an increase in spark angle from
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[6G31} Referring to Fig. 3, a graphical illustration shows the relationship between
spark angle and asymmetry 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 asymimetry between the free-air ball and the wire diameter
on which the free-air ball was formed was measared. 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 (pm).

[0032]  According to the resulting curve, an increase in spark angle from
approximately 40 degrees to approximately 52 degrees resulis in a decrease in free-air
ball asymmetry from approximately 4.5 rnicrons 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.



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. 10033]Fig 3 also
includes inset photographs associated with three of the actual test data

pdi9E3showiisy Irdsadyehninstipsberieiearthbsfrssoaittsaividhthepreal il gpfual test
whigh thedreesainpalkisdormed, As-bawh. the.asy BaMelly e rRases Wik the

increasing spark angle and is nearly eliminated when the spark angle is

inERE4E B 5 SFBSIm AR R B8 e 5 AR ARG SH AN SRR Pirgerk angle
bandig:daty 4iLitaes, viamitiayyhdiohila kdisepasitiapprdtinespet tegrees.
bonding surface 400. Various components are omitted in figures, and the

sizasand ppgitions;ahaerainglthellsiraied Alements.asgiIAPERNIY 2 raised
reduced or increased for clarity. Clamping tool 402 is also shownina )
rafSEHi PO SN TSRt &R W&nsm@éﬁirfg%pe‘r’éﬁaﬁssc%mﬁlwfa‘f?newmed mn
(%ur%b&bﬁid?iﬁﬁs@i@ mge@m l@%ﬁﬁiﬁlﬂawf wmiﬁ@rau&f@mééﬁﬁl)ms arbitrarily
Bonding, tool 410 includes first cylindtical portion.410a, second cylindrjcal . .
oGHIEH S RN AR oA 0L SN (B 2078 s e oo
being engagednitictiapsguetcd (8Htmp nglidinstcidipdrdaiptmtion 410ayd into
E siw&pgn éx!ﬁj%grﬂyétﬁaﬁﬁd’ g&?di%%'%@%%gcﬁ%éso ﬁstéSnindricai portion

clamping tool 402 (and bonding tool 410) in the raised position of Fig. 4A,
it 5l Breapapnst ebineTisah Herie 4d Bhtisndrepritalpatingh OO =FBording ok 410 is

iNQiueinag & RO diReA06 : JA03R FighsdBolllugisat@sosanmpineyiael-#AR iordon 410a).
lowered position with respect to bonding surfac 400.}#1 tt#;@ciition the \ 402
“fitihg" SFEFS WA AT U IR HAT bR BTSN 6 Fotit a RSP BRIPGLC0
ar(m_idammﬂ@ﬁaaﬁ a My @etdwljﬁiﬁiddn bTiFigh _E)Aeiﬁwhag_ﬁbmhgi& is a limited
bnding 190l 410, I030}Fia G Hiisates bendinaegl 440 in a lowered
position for performing a wire %’ondlng operafl with Pespect to a device

on bonding surface 400. Bonding tool 410 extends through an_aperture

ddfifgs by @%@465‘%@%5@%@3&?% e Bl’é%rﬁff@?’e dﬁ?ﬁﬁﬁih&"ﬁ%"’es?m to
illesiiaigd YWiFRdR0A0INg Ppefatiopedinéd tiRed CGiimPOSiioRRd awdisianoe may be
from secgnd c¢ylindrical portion 410b, whergein the distance is less, than the ..
A EL B B AIe DR HALAAF o1 FrAEE Fodheal s DR i Fie
antBirexoudsigehehaphdterdegand €1dindrical portion 410b (in the illustrated
embodiment the distance is also less than the difference between a radius

of [@Rfegylingtical Porntion A10R AbH R ohse sand &y ipstiical P HiAfrming a
41‘%?2:' 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, EFQ 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 illusirated embodiment the distance is also less
than the difference between a radius of first cylindrical portion 410z and a radius of

second cylindrical portion 410b).

"{0037]  As shown in Fig. 4C, it is clear that BFO wand 404 (including EFO tip 406) is

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



[0037]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 41% had the same diameter as first cylindrical
portion 410a. Thus, during "firing" of the FPO wand (e.g., in the position
shown in Fig. 4B), the EFO tip being closer to the centerline of bonding

tool 410 reduces asymmetry in a formed free-air-ball. [0038]Fig. 4D is a
detafiedadéie efnhdispati an diestnylineificn gpptsitio NodluStrat et iinE Tirdd” of the
Asprovided above, the %QE%&@Q’:@N&? EQ%%%%)thﬁge%Q?r p@éq\g" Bser 1o the

1 rk angle wi

respect to harizontal. As is clear from Fig. _the spark angle
despslirfrirbondingdgort QraRecau Reltianiy Ebomap fosyistibyed

closer to the centerline of bonding tool 410. Thus, as provided above, by
préffidfig bdighik toal dditilnitiseogndicytindtricatpbrtinn 41O svingi Rustrated
diametensmaler dhan it eylindy ﬁ'lip&ri 4808, (ot shown i Fig. 4

the sp%frk an Ie%%je_sirably inc’rea_lségs. Ooéég]hslt oUQ 1(":tk?e p?esggrhg?ﬁi\g}e‘ﬁ %ﬁesmm
hd§ BeErPEaScrise frh S ifiteARs e ansiteapslsdivil dssirdefinnsgese as EFO

tapeiRdipasHANRIAAYRO &FA061ANLIARA AN AIRDECIRIBROIT EIRIRD o0l 410.
Im;}l%ed thereta. Alternative confi%tgatlons of the passage are

cont8tnpidted 4ot Bihpis ProsiBesRndipaiinoh s Hhgdbyereans sitiadtiportion
a tHferea passatjencidapeantid-phssdge: hallingivargng apaoangleshels in Fip.
[O%S),]&lg% 258 igggp%(?}p.maélas%g embodied in other specific forms

: e : : .
without deg%rtln #rom the sg}?ﬁ or essential attributes thereof and,

ac?ﬁr%’ﬁngly, reference should be made to the appended claims, rather
thAlt 16 the forEGBRAgIS, BERRRL N cHiom drsabriy teswdbpsk rspmaaly in terms of a

inwértibonding too!l defining a tapered passage having a constant taper angle along its
length, it is not limited thereto. Alternative configurations of fhe passage are
contemplated, for example, a substantially linear passage combined with a tapered

passage, a tapered passage having varying taper angles, etc.

{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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CLAIMS: 1.A wire bonding system comprising: a transducer; a wire
bonding tool configured to be engaged with the transducer; and an EFO
wand configured to form a free-air ball at an end of the wire bonding tool,
the wire bonding tool comprising: (@) a first cylindrical portion having a
first outside diameter, (b) a second cylindrical portion adjacent the first
cylindrical portion, the second cylindrical portion having a second outside
&iameles the second outside diameter being less than the first outside
diameter, and (c) a tapered portion adjacent the second cylindrical
portion, the tapered portion having a third outside diameter at an end
adjacent the Ac¥BA G WM RYSISTd ABRPEREShird outside diameter being
Aessdhanthe first outside diameter,  wherein an end of the first
cylindrical portion adjacent the second cylindrical portion does not extend

apEisPene inairelresliguriy e Rg speraehtof e WresABridrfool with the
MANYWERId configured to form a free-air ball at an end of the wire bonding tool,

the wire bonding tool comprising:

(a) a first cylindrical portion having a first outside diameter,

(b} a second cylindrical portion adjacent the first cylindrical portion,
the second cylindrical portion having a second outside diameter; the
second outside diameter being less than the first outside diameter,

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 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.
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2.The wire bonding system of claim | 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. 4. The wire bonding
system of claim 3 wherein the passage extends along a centerline of the

wire banding 19elwire Bl Wiehangina-systemiRheRime d;% sédaudhereinds

the passq%e is t%)ered such that a diameter of the passage decreases
dhearpobearingd9&kapered portion. 6. The wire
bonding system of any one of the preceding claims wherein the tapered

portion has a conical shape 7. The wire bondlngf system of any one
of the precedirly érafﬁwéwﬁé}%.ﬁyétﬁglo?fiwéaﬁté WafdesHtidifetrasase is

tRestiongdiadiacantithasacendieyinducal Berionduring aniraRoRdiNgIical
operation, 8. The wire bonding system of any one of the preceding

FOEIRTS I His EIRCciRE REBRd outer diameter is substantially constant along a
length of the second cylindrical 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 of the preceding claims wherein
a tip of the EFO wand is configured fo 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, wherein the distance is
less than the difference between the first outside diameter and the second outside

diameter.



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
distangg Is lesadhan. e difsrenga.peturen e, gt aidelde,diemetetantkin
the second outside diameter f-The ere ing system of any one of
aepteceding ukamﬁsﬂwhEMnmpdsah@m@fmfﬁmr@f therBRO watld: difidgveand
eI NS Lo SRINES.APAAN A0 SUIEMERPEELID feater
OFiZONts e spark ang eb eing greater than 40 degrees
tﬁmeéﬁldegmm;hng 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. 13. The wire bonding
syste mDf anyloneiof ﬂm«:ﬂir@acﬁwgicdﬁim wherdithanipoefihe GE@wahriein
p e bepotionedadece kb tieones b anaGaPAPDs e
)a lower en of the transducer uring a wire bonding operation
t@@sﬁﬁk&wﬁmbgadm@ Systbng @pamlome of the preceding claims wherein a
length of the first cylindrical portion is between 0.120 inches and 0.144
inches. LOW-PROFILE CAPILLARY FOR WIRE BONDING
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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ABSTRACT A 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 W|re bondlng tool also includes a tapered portion adjacent

PRI BUNHNNG
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outside dlameter being less than the first outside diameter. A wire bonding
system comprising the wire bonding tool and an electronic flame-off (EFO)
wand. Figure 2

ABSTRACT

A 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 cutside 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. A

wire bonding system comprising the wire bonding tool and an electronic flame-
off (EFO) wand.

Figure 2
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