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 apparatus. Background
of the Invention [0893]HR digrele 1c5 ARl RRducive e ire i
used in a variety of devices, such as semiconductor devic
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

sd068 §rithbomeh{egioms|tiiedwirerendsitostihe @intéotldCationpSampeiSerial
t 0 ' ver and melt the wire ar .
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ThBlKAEE is typically formed with a generally parabolic or elliptical shape

and is, thus, referred to as a wire "loop". [0004] Two well Ichnown

techniques for bonding a wire {pi 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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usingiba berdingedONR]Bad Rasdipgdanpapatiiees.include a bond head

carrying a wire bonding tool such as a capillary. A capillary is an
. elongated, tubular structur h lal passage through which a

length of wire is fed for bor%?r%@?ﬁ?g%ﬁ]cﬁr%vaegﬁg?atus. Ball bonding
apparatuses also typically include an electronic flame-off (EFO) wand that,
Wr@%ﬁe@f DipFHESLULARMHS I SRS ERE Pfb e Wie in a variety of
exdenidingsfrdmshersapitirtoAde thenoliemend aortiorpoffienvle device to other
solidifies, surface-tension forms the end portion intq.a substantiall
RIS, G TR B, QRO SRR S M Rt e ane
EROwvanthis chongl toppsn hdsilichalic. The freedait batlds Bopreling on the
% fhe RORRGEPBINE Bf}“éﬂﬁeﬁ%&'%%&{ﬁﬁg% YRIEER P SHRIER o contact
as
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locations. In order to form the attachment, various devices are used to sever and bond
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(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 (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.



[0006]Referring to Fig. I, there is shown a conventional capillary 10. The
capillary 10 includes an elongated shaft 12 having a substantially

cylindrical portion 14 and a conical portion 16. As shown, the capillary 10
defines an axial passage 18 extending through the capillary for passage of

a wire to be bonded by a wire bonding apparatus. The axial passage 18 is

lo ateﬁ suhstantially concentric with the centerline of the capillary 10. The
captiaty 10°alLeeR B8 EBRERIBIRIMG TS0 SABH ARG SRR RickFpBrRgine tool
16whthe shafill?yandlespitthata ierminghedd ubiine capilary 44 Thean axial
working. tip 20,0f the capill 0 is adapted to form wire honds through
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vapydn grafighration, A sxample.ronfiapatonior tenwarking. in.ef 8 £om the
capillary for a wire bondé{;g%pe;}%%atus is described in U.S. Pat. No
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referred to as cone, angle for,the capillary 10. The cylindrical portion 14
o RS e RS T GleEeR B o el e i ok B
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trangducervikralestus.capillary shaft 12 to supply ultrasonic energy at the
working tip 20 of the capillary 10. The ultrasonic energy supplied by the

tr cer facilitates the apove-described plastic deformation and .
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typizadllysgrovided., however, to rovide access for the woricing end of the
capillary to the contact locations on a substate surface. Accordingly, the
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the capillary centerline. Summary of the invention
transducer (not shown) adjacent a termiinal 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 ultrasonic 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



100101According to an aspect of the present invention, there is provided

a \é‘gjfﬁ:&ﬁ&d&(’i&&s&%@'ﬂ&ﬂ%@%@it%&?&%ﬂ%a\’&@ RAAUPG, 08¢ 12 to the

configured to be engaged with the transducer; and an EFO wand
cORfFGIrEaE TSR Brclinineal aPaivR AN BIHE RRSCBOPRIE- NI, the

wire bonding tool comprising: (a) a first cylindrical portion having a first

oUtEItg diameteicfb)deskeond cilindtcalipheifncadjacahtdhedirat the end of the
cylindrical .portion, the second cylindrical portion having.a second outside . .
diameter, the secon Sé‘lji[salgdgaﬁﬁe&%ﬁxﬁgmrg&rﬁlﬁﬁn ﬁt“e(:ﬁi‘?g{%')rﬁltsli%%mm}m“1YE
dianneten, Badree)2a tapered pPortion Adiacent:tiiasecondrdylintrcabportionsurat
the;tapgred partion;having a,third.ouiside diameter:at an.end.adiacent the, s .
second cylindrical portion, the third outside diameter being less thanthe =~
firSEBTHERIBeteT "FFe feiRcaly Sffh o theTirstiay iHamearpaitioe centeriine of
adjacentithe, secongieylindisal pestiendoesant axtend helew theuld provide the
transducer dﬁuri engagement of the wire bonding tool with the .. .~
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compenem${ebg Laf witrasonicittansdircesewitgdispooling mechanisms, a
bonding plane, an indexing system, etc.) as is known to those of ordinary
skijlidnsthe aft..Brief Reseriptign of the Lrawings. 100221E0r ICRUEROS@ravided,
of illustrating the invention, there is shown in the drawings a form thatis
proSERI TeTEEd: B tHdErEtoa SRbwetET “AvittRid Ve RfBrRqs osatons
notiimiteetoctheptecigeanbnge mentrand-ms Mume Halines sinowy, digned with:
the drawings: [001311Fig. | is a side view illustrating a capillary. for a wire ..
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of mrapiltdnafdiaywite bording spparittisracboidhiywend is directed to the terminal

end of the wire along a path that is obligue with respect to the capillary centerline,

Sumzmary of the Invention

[0010] According to an aspect of the present invention, there is provided 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 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 cyfindrical 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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an exemplary embodiment of the present invention.; i001.5;rig, 3 is

grapiu.cal illustrati on with photographic inserts illustrating the relationship
between span: angi,- and free-air ball concentricity in accordance with an
exemplary embodlmemﬁﬁf%@ﬁﬁm%ﬂﬁéﬁﬁ%ﬂ?@maﬁg 4Ais a side

view of a portion of a wire bonding system during an indexing operation in
Higgidantiontls awrexernplanyenhodimentofitheERSRNLEWERIAR; drawings »

E&B%Y&gl% 4B:15.4 side view of.a.portion of a wire bonding system during
a flame off w8pera“;[?|3§% mﬁaccoragnice With an exempiary en er%o%éﬁ't%‘ﬁﬁ & not

presEntinventisl: IoIBIEIg 4O s essitecvialitef snportion bf amires::
bonding system during a wire bonding operation in accordance with an

exemiplary gmbadiment of:the ipresentinvention; arid. [001lFig, ADds.a . o
QS@'!}‘?& %ld&wew of a caplllary and an electronic flame-off wand

[0614]  Fig. 2 is 2 side view of & capiliary for & wire vending apparatus according to

an exemplary embodiment of the present invention:

T e . < P % mye . ¥ L ¥ v -
FoU15] ~1g. o 36 grapmcal luustation with photographic inserts Hluswating 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,

{0018]  Fig. 4C is = side view of 2 portion of & wire bonding system during a wire
bonding operation in accordance with: an eXemplary embodiment of the present

mvum:iun and



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 capillary for a wire bonding apparatus. The
capillary includes an axial passage extending through the capillary for
passage of a length of wire. The axial passage is preferably substantially
aligned with a centerline of the capillary. Certain outer dimensions of the '
cafibty ard'edit E Wrtalsd e visserpernibpendee s g cunfmseofiwand
the, capillan-angithe wangrhamalsshoniclamersfidevesdsFO). Closer
spacing between the EFO wand and the centerline of the capillary allows

the spark angle to be ingr [ esulting, in eased

asymmetry between thréﬁf?gqfie?s)b%%ﬁ r?ﬁ%ﬁ# %%rg?%% g% a wire and the
centergne of the capillary. [0021]In certajn exemplary embodimeqts, the

calSifal) of therpdine e iIRVeRIfSTL MBS BEBAfcHIBBiGhA Sty for a wire
sulastdintiadiypeyding riche esidinad jmebni-therceniehppodioncxifrelieylitdricgh the
portion of capillary.includes first.and.second, segments, th on .
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suBiseastiafie eytienierbiag o thorrariiann otesnitisnterdinasiensefube gamithiry are
regRectdadhat of e fikst SRame - t9022RaISA g 0 NE ARG S MNRESyand

like numerals identify like elements, there is illustrated in Fi%;ﬁz a capillary
P

2PEERGHEAITES T Bt ERtiAHiToN ISt RAtE irepuAMifG O wand and the
appataiis dsEesesied ingiaatee detall helivptbe trpillary 2¢ebihesulting in
present invention allows an electronic flame-off (EEO) wand irect.a

SR S RYGHR REH A S TP PRI 2 A nd e
speakaahytefiiz dediraply reduces asymmetry of free-air balls formed by

the EFO wand The reduced free-air ball asymmetry provided by the

presiEnt inventiQmsaseismnlingreased areuwakinde pasemens @it ervention
bonds at bond site locations targeted by the capillary 24. [0023]The ,
TR S S LS LA I o RS PGP T onil
2ptotatediat ayindringl prdoaf dfiehshafiiléy Thehphstifutamdontigul atignants, the
th?ef\;’;\é}%ré(lg. :%an%sﬁ%ae%‘ai C“%o%llt%g] GCBE?c%?”;%éH}é%f‘t'oﬂaeA s%g&?&)lgegment of the
configuratioh tor the working tip

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



28 of capillary 24 is described in U.S. Pat. No. 6,715,658, which is
incorporated herein by reference in its entirety. Similar to the prior art
capillary 10, the capillary 24 includes an axial passage 30 extending in
substantial alignment with the centerline of the capillary 24. 100241The
capillary includes a tapered or conical end portion 32, and a cylindrical
portion 34. The cylindrical portion 34 includes first and second segments

36238 TFAR ISt < dnierrrischins b HiBatetia: thal Isbfentdettianngnaporated herein
diapetderetdhm seapmebgegrnant:S8. Ebediamelesang longlb L3i0L 164 includes

firsa}:nse grﬂenst 368i§05i)z(ged or eng?eme%:%v}vith a conventional transducer
(not showh). Bifice the traneducar S bR 2ot reataiacampgpillary
onBfthat portion may have the thickened or sturdier capillary wall

structure. Preferably, the length L3 of the first segment 36 would be

beoenn apprxiagiely CbROBIRSARI ARRIGUIMAE N R;LA4NCNES: cytindrical
100% ;Th regnalré%?ré)f%le caplllarx can be reduced in size so as to

pefmit the WEhT G B PR e HEshEMitRG st seeBsmimdfy 38 The
as Stsowegriniigs 2athedienord SagnenA8 kas ahdiameier halis d8shd segment

thap t i irst 1ent 36, over its entire Jength L2. The )
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sefffErt s THE st dandenor thdshac2Bundiersedpndosegmentdion of
of ke exhimarCabnorien 34 /SoPrelfrahiy. S&QS{%{&E%%CQP%Wéierhcapiuaxy “wall

throughout the second segment 38. An important factor affecting the

mi Coutb s %te%rlﬁﬁ‘@%eéén&fsé%?ném FBEAIPe 3§limanbhibe between

postiproSdniseiydll thicknessanisshewmiiehi@. Ziathridiameter of the axial
passage 30 of capillary 24 is variable. The diameter of the passage 30

degrgasies i’TH&%&E’&H&E}%?&@Sa}g{ﬁgbgl%éﬁé%tzéé%%‘ﬂft%%e ins%ryoé‘e%cnat ¢ EFO

wire into the axial passage 30 and t € Wire towards the open en

of YRWSrRiRjapiBoser i ferrivpykine Hnalbereidieals, ins wheeylindfigal, the second
postipncad 331 kanillgnmedilhbr RNMUR nihesecond ﬁ?ﬂr&%%e%@ 36 over its

ad%a &m eth l.lld ct%e with the first segment 36 because the outer diameter

of TE S TH KagmiEhics8Re EHREENT tHRRRTNEHE th & IEnEh onicatieassies 32 and
créaditsinsthmenai©f The capilldinn2ebyitie sisaswic HDsatRNSBRRIRMS of the
by aiiaRsgu Il be largestdn the relatively thin-walled portion of the
seg%nd segll r%gr%ti%% %%jgséeﬁlfctﬁéa ISt ésgqéshy%ﬁ?ﬁg’é.c?gs%vi CUgRRElefipe second
roBeRHEs S orindaapithas faton hfastingnthmminittiniclnesslianbesarahe second

_ Se@@ﬁ@ﬁ@ﬁ%ﬂ@ﬁe%ﬁﬁﬂﬁi}iﬁ%ﬁi%‘ 34 is Wﬁﬁﬁ%a@&'e}%:%bﬁm ég IPS‘ ig, 2, the

approximately 0.003 inches._[0026]The conical portion 3
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widiédscadany ia dendrenie of RelpfngAe @ BigihentCamParing St the
co \{gptlgsrggl C%Blllat&/tge%% t%the,caplllary 24 of the present invention,

the con(i h;;??gh a & Et(;i‘api.l V2 'Fsgﬁﬁ?hiﬁg 5%&?%%!9 é’ff?ﬁ}ﬂg tip 28.
grégaer tha¢ ahicdmess fio itttaiyal £13@hERAS: e4aKill b
coplanugtis aRnexmelehnapiers. T eagih L ihe cogal
portion 32 of the capillary 24 shown in‘the exemﬂ) ary embodimenti ﬁ?ﬁfﬂem

2, WeGansGhei QW Rmriay 96 shetseaeasestamytt B80S thrnsianichi puition 6 length
of knngestienalde lateswAS ShavesnIGg 2k 69%@@9%%&&9@&9%&&@@%&@ by

poarttlTon 6 of a. qﬁnv ntional capillary 10 is about one-half of the overa

lefgth ST the CApiard et ih e predesiy hirshiabed aestiempfitheisspond segment 38
conieabpoitiofir32sedrtinet CopilBrypR4-iddessidevarifysobaqtorewilhpillary 24, the
d ing t imum ratiopetyeen the length, | | the cone le a )
inqéﬁ%%ﬂ%iaugl]lg% dyna?rnaligs?% exgr‘éosnodhasﬁﬁrﬂ%%&gagy gﬁh"é’%‘l‘ﬁﬁ%@ﬂ%mw 34 1s
iR EbIsAY prraqmimatehng $8tibnehes1/ a should not be reduced to

the extent that configuration of the conical portion 32 of capillary 24 would
interfere with adjacently bonded Wires6 100271As 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 mass of capillary.



10028]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
ché@@@é to dfie sABFe!GresiEy %%@#Méﬁn@aéﬂﬁfa@hﬁ &g RReto the working tip 28

CO@I}%@%&E}@F%&:%%&&%@EGAAMM&@}% @W@@Qﬁgﬁ?@ﬂn\%@g&%ﬁe Fig. 1
result In the least amount of asymmeir r the free-air or yt e

RO T B R R T I 08 L0 B T by the st
asswmEiantrénsdueenigiotshdwaitoseptsia safillddy hisvingea giametdy alightly
0.0625. illar inal irst. . ,
oo ead EAET A BB R S o pr Al e hpitary 241
typieaTRxaarela ddidnmetes of & demhinkhed! hhcennsaweition theddbpsapillary 24
segnaent 38f thengyinddeabahaihPRItiaR. 34, Haewesets RASZERUHCRs than the

diameter of, for example, 0,0375 inches. As a result, the diameter in the,
seliPdegihiicsmirelaeiiead bylo voBsRuned canllarsd & shovadp Fig- 1, the
capiligties witlehcintoiparaiena 6 e stanhwahamneit i D06 Abiindes one-half of the
throu t the cylindrical portion,of the shaft. The redugtion of.0,025 .
e R O B LB Rt e conicl
plasetion.01 25 ihelesitlosét o tews. cehtarine of factioapillirgermine the optimum

10Q301 ARG thalthe SPALK ANOISI defined %d%@g!’?ﬁ%ﬁ%&pﬁ%s’ the

path with respect to horizontal (Le., a 90 degree spark angle would be
veffieaiofiettens s P palH7s o syaengh kusoepsiadNith the pHerof L1/ «

artsgopidan: 1k h@&iﬂ&:}@@@ﬂf Hend meéaﬁﬂgm?@ﬁpuf Eﬁcgwﬁﬂé'!g?!)ﬁtion 32 of
portion, is gpproximately 40 degrees. The ex ary embodiment of the
pré’?@ﬂ{aﬂ en‘ﬁ%‘#%@%‘éﬁ%ﬁ&' llﬁ‘ ﬁﬁ%%%‘&%%‘ﬁf@%yagﬁ&%aph, on the other

hand, permits the EFO wand to be placed more closely to the centerline of

thd ¥Edillary 2 2 irrsidia dhegreiecep dirrapigieofotep protimsnee s et die shorter
[0Q34dRefeing i igedion SABDIGAL SRR SRR (1 RHONEDIRand (o the

between spark angle and asymmetry of the resulting free-air balls formed .
at WERY Bp LHifemPRE UK cRlsTepidistete Pt sBolits #Hourfgnce. albeit
fregraicdaiiiistnarecfalmaek wSingNarying spark angles and the asymmetry
between the free-air ball and the wire diameter on which the free-air ball

Wa@é@@']n ed Wﬁsréaﬁa%i{ ?ﬁi tl’é Eﬁ&? Qﬂx{?égﬁ[}ﬁ’y BW%C%@Wﬁ%%g%HS the

the test data points using curve-fitting calculations, As shown, the
resﬁﬁ@‘ld’vg‘@@:dﬁ’d Qﬁc@sgtﬂ%@io‘ﬁ%@ 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 2 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 o 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.

[8029] As- a non-limifing 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



y = 0.0016x2 - 0.3244x + 14.876Eq. 1 Where: x = spark angle (degrees)

and y = ball asymmetry (pm). 100321According 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
phadesbingen tiotiaesiin il ASNEe. pehsetitrstritfohdrrdrerdaiegsaint 38 of

agVBMelNeA 100331563 MsadneiideninsalRhoiogiaRRs ASSQCAlRt Wit 0175
three of the actual test data &}%l_nts showmg the asymmetry between the ]
BERGT LAl Brt e WirdatF iwhieH A S HeRtaPHafis foriEiuoas By tnches

themmsyreimepydecreasitiadvith inciensingapark angieadidnsBesty.0625 inches
climogies when e shireanale s e ease D AREXNAY S s n e

degre% ustrates wire bonding'to e.g., capillary
Adigyivica vhidedipdsifonewithtresibe LTS bondingrsi fleeed 001 Vaiivhss closer to

CpoRaNts dreHifigd-imiigures, and the sizes and positions of certain
of the illustrated elements are arbitrarily reduced or increased for clarity.

| ing tool 402 is.alsg shown in a rais osition, such as when an .
R SR eBERE TR forh LR Het e g i Wi
pesitoh torhtromdiay (s arfact) 468 Barlingnipe vdddihcladegifisdly-oricnted spark
cylindri i 0 indrical.porti A .
e e e Tl EAEMIE 0625 et
tréinsgirsdhenghavis @HW@!WW&%W%@%{ Hrbsrrand Bogeismplary
alstlusicated B 9151:@@1]1%' deREiR d&é%d\éﬂtﬁl@ﬁgwmtﬁ%ﬂ&%}@&gme other

bonding togl 410) in the raised pasition of Fig. 4A, it is clear that there is a,
iR REERtL s dr iR Bodit Reor 29ee RerFaoehi eI tgiRtr R B Asscapillary
190 3bdE4ging Builsisiateglelarapigriat:dff s indageeered position with

respect to bonding surface 400. In this position the "firing" of EFO wand

4 y b aecamnlished 40 i s t '
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spark angle and asymmetry of

e 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.



[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. 40). 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

bé8fiEHN thEiguisitie iielristanettiifay eglimis aabporterratighrandltthe actual test
oyisidg.giameiekaeernd,eirdroal PRt AN I HIUBIEAIRE on which the

embodiment the distance is also |ess than the difference between a radius

ofFEE LI CAFPBHicH F105 R A TR S ESEORT h HEsisiE fBf angle
4100} (008 7IAcishewnionkig. Sarkibis el eanthak&ROapmbdidadly 65 degrees.
(including EFO tip 406) is closer to the centerline of bonding tool 410 than

1t oyl De figeqandeyinclicatpapii 1% had thes [ @ raised

3

i
first cylindrical portion 410a. Thus, during "firing" (_)Gfﬁea‘gﬁo Wandge.g.,_in )
thBOFBERoHEnBRISTh ioasanEre §PbeiNgrabssrmrimste it o
banging ol hiQiesueeasibrn ey dim formediita-ae el {38 igbiirarily
4D is a detailed view,of the spark angle in firing position illustrated in_ . .
A BRI 008 AP AR 104 ARRMETHE SgAe papeiion
withchespebtriauh mmmhm%nlbmpﬁfm (s, sphsk@gi& wiflexed into
d%%'&ﬁx%'%[ gﬁ%%ﬂ&%ﬁ?uﬁﬁg _.d é%ﬁ(ﬁﬁ' I%%'FQIEE&IH@&?‘%M%;&?RM portion
closer to the centerline of bonding tool 410. Thus, as provided above, b _
pritfiairigonnh aiigdsetlamotiont dBoonel Srmiem carpertbiYe 1 Benivenipd 410 is
driamm{ﬁ&mal fééfa@afg;fzat_wﬁr@a&ali%&gé@a ﬁ%@ﬂg@ﬁﬁﬁ@'ﬂ?ﬁ\iﬂﬂﬁ' At igbrfiB.410a).
the spark angle desirahly increases.. though t Ssent invention
hdd §e§’ﬁ“&e‘g?:d?iﬁeﬂsﬁrm’ﬂ§ﬁi’§eﬁ? l@ﬁ@gfé@]@vﬁg S%‘fﬂg to I"t&e“fﬁﬁ’i‘ﬁﬁ% fool 402
taperbbopaisgagel Hagjrig hconsiapbiper @gie algrigitsitendtly, dhiseriot limited
limited theretp. Alternati nfi jons of the age.are

c?ﬁ%ﬁ?&g?[e%% ?Sé‘i%}r?pﬁelf;g‘éﬁ%%%%@ff |ﬁréga$%§} aﬁ%g combined with

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

[08M8fihe drigsdit HUErtiEh MEPBE drobdfedrin Sire filoTorri respect to
Withading surface 400. In this position the “firing” of EFQ wand 404 may be

accomplished to form a free-air-ball at an end portion of a wire (pot 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, 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



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. 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

wifd Bokedi s seolectinmrising figd cplfickicy odivad PortiThuadimge firstg” of the
Ol@@e'v@ﬁ?‘@g.; ikbpha 58&88&' @Mrﬁ%ﬁoriﬁp ﬂ%%ﬁ@%ﬂ%@g?% closer to the
cylindrical portion, the second cylindrical portion’having a secon dtside

disfEEnRE adsid s dldedrarasrpenty lessimmsdfedricbillside

diameter, and (c) a tapered portion adjacent the second cylindrical

paitii#] the Fapeiie dspodtionidthviag of thiedpulsidgldianietdi-alzaaneh illustrated

aqagenuthe secaneheylipdricar porlign, e third outside diameter beln

less tk%n the firgx?gutside dia’me_teé, m\gﬁelf%negﬁgéﬁen%?é%&tﬁ%aﬁr&a%‘v& respect

cyltheRrEABrios Hdles St e Whdley irmlicagloribrigsublidnertends EFO

bemgthmt(mﬁmmgﬁpl@rwmgmmams@mw@c@%ﬂmg SPRLMLtsI 410,

t .

raﬂlsus,u a(?se grovxded above, by providing bonding tool 410 with second cylindrical portion
410b having a diameter smaller than first cylindrical portion 410a (not shown in Fig.

4D}, the spark angle desirably increases.

[0835]  Although the present invention has been described primarily in terms of a
wire bonding tool 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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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
MNiIre hagrding tool. 5. The wire bonding system of claim 3 or 4 wherein
the passage is tapered such that a diameter of the passage decreases
from the first cylindrical portion to the tapered portion. 6. The wire
bondidg systériBERRYERE DFIHE FrEEEHING claims wherein the tapered
LAptiophas a conical shape. 7. The wire bonding system of any one
of the preceding claims wherein a tip of the EFO wand is configured to be

ayBERibPRénAaRREEet HhacIBREsE A b e T eRiNg A Wi bonding

ARSrARng corfiehRR WRReading sysamohrmyianaf M%m&szﬁgg@oz,
claims wherein the second outer diameter is substantially constant along a

therigiis SPINERSdEBhePEYTiSAgal portion. 9. The wire bonding system of
any one of th@a@"@ﬁ?ﬁi@ﬁﬁl@ﬂmﬁ whersindhe fisstpuiside diameigeis

approximately 0.0625 inches, and the second outside diameter is
approximately 0.0375 inches.

(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.

11



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. li.The wire bonding system of
any one of the preceding claims wherein a position of a tip of the EFO
wand during gifingongratian ol iheEFQ-wanddefipesaBpatksangleyiths
respect to a horizontal plane, the spark angle being greater than 40

e dggnterlineo the WieWEATEISYstem 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 bBhdtig Sstdineofaiigrymd siaie prabeuingCrRimSvRTER als

tipepddhe EF @vandiiseenfigpred tﬁ‘a@?&?@%ﬂi&@%@@i@ﬁ?%@ﬁ%&e@%@ﬂ@ﬁ
cylindrical portion and (2) a lower end of the transducer during a wire

N9EHeMIG Hicrassis Portiay. 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. LOW-PROFILE CAPILLARY FOR WIRE
BONDING ABBTRACION RS HHHAG IBBIMTRIAES BrfretBgirdimaherein

ROTHRE-QBNIE A fitst-pisidR gj@ggeter 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 digm@ies.bhagiMgre bRAJMNG:Il Al elpresBrl@RrRia wherein
portion adjacent the second cylindrical portion. The tapered portion has a

RO HE didinstdt atndieaitd dnfer entitiRnedesinacsyiharieaspbribhdrical
ghethivdeuiside;dianeisipingdess than the first outside diameter. A wire

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

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.



Figure 2

11.  The wire bonding system of any one of the preceding claims wherein
a position of a tip of the EFO wand during a firing operation of the EFO wand
defines a spark angle with respect to a horizontal plane, the spark angle being greater

than 40 degrees.

12.  The wire bonding system of any one of the preceding claims wherein
a fip 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 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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