LOW PROFI LE CAPI LLARY FOR W RE BONDI NG Rel at ed
Application [0001] This application is related to and
wabasnsigriority fromU. S. Application Serial MOI/US2005/016210
60/ 570, 341, filed May 12, 2004, which is incorporated
herein by reference inits entirety. Field of the

I nvention [0002] The present invention relates to wire
bondi ng, and nore particularly to a capillary used to
feed wire in a wire bondi ng apparatus. Background of
the Invention [0003] In the electronics industry,
conductive netal wire is used in a variety of devices,
such as sem conduct or devices, to connect contact

poi nts on the device to other contact points. The nost
commonl y ugedwWIpROFIRIECAPILIVARY FOR WIRBBONDINGand
al um num al t hough copper and silver are al so used at
ti mes depending on the application. Awre bond is
formed by attaching a |l ength of wire between two
contact locations. In order to formthe attachnent,
vari ous devices are usBelatal Appheatiomd bond (e.g.,
nelt) the wire ends to the contact |ocation. Sone of

t he nost common devices used to sever and nelt the
[0001¢ ar Ehit hpplivatomy eksidan apd cBims ptiertydsoniltS.(Ap@icadon Serial

R R I T
chiidg, referred to as a wire "loop”. [0004] Two wel |

known techni ques for bonding a wire to contact
| ocati ons of an el ectronic device are ball bondi ng and

wedge bondi ng. Ball b%@ihﬁﬁtkéhﬂ%ﬁﬁf»ﬁ" ly the preferred
techni que, particularly in the sem conductor industry

i n which nore than 90 percent of all sem conductor
[e092] c esThe prevemuihacttionedtlayes togwing! boridingdiand . @@ 0Biticularly to a

Bal | bondjn aratuses include a bond head carrying

AP SBb I PEBoR » Sbondna SpRuRiRary A capi | | ary

is an el ongated, tubular structure and has an axi al
Background of the Invention

[0003] In the electronics industry, conductive metal wire is used in a variety of
devices, such as semiconductor devices, to connect cohtact 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”.

[0004] 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.



passage through which a length of wire is fed for
bondi ng by the bondi ng apparatus. Ball bonding
wappanetigses al so typically include an el ectr oPiDUS2005/016210
flame-of f (EFO wand that, when fired, supplies a
spark that nelts an end portion of the wire extending
fromthe capillary. As the nolten end portion of the
fies, surfacet ion forns, the end

l?ﬂﬂ’?ﬁ Zoll‘é,%b?%@g apwatgm%ép? e%a adpy éleadrﬁaéng%ér\ﬁe ying tool
s&haRed ogﬁflfabpn Afca s' &n fe%gﬁgd bYbhRe sﬁ’ﬁ@tﬂ’@&?d 'h§s an axial

referred’ to asa" -air ) he free-air i s
phxsagketiirdugh ovisctod 1emgm aforiteais tfeqofmlr bosdiogby te bondmg apparatus Ball

conduct or devi ce r s trat stic
GRS ARPHGHSOr SO BREOS CHEEOPEc Tamp OfogEFO) wand that,
wreh %&d %pgl@es':a Sparlt thdt Hﬁél% arﬁerﬁhpmoa oF AR Vel §ft@lding from the
capi | lary The capillary 10 includes an el ongate

0@13@‘0’ ¥ thawiolign gand pb@toamf itheel Wige eq,lldlﬁ@p sarfice mnstqn(fnrmsa,the end
1
R nG h ilan Bty rical suaPe A inehiOfie St Bintiof 8 the wire

feafed| dyahy EFOrwaaisis aferred todasVil ffreetadr thgl”bamhe thekayr BalMk bénded to
bondi ng apparatus. The axi al passage 18 is | ocated

ogeipE thasentaft Bpints AR dhet semdcanduefor deviceetitsubstratebipplagtifedeformation
fﬁl%'bfg%rny &19 OHZ[Q& capillary 10 al so includes a working
I'p

ext end 'ng fromconical portion 16 of the shaft
12 and |l ocated at a term nal end of the capillary 10.
[0006] wor Refaginigi tp F26) lofthdrdnis shapnla enyeritidnalscapiapy €@ The capillary
formw re bonds thyrough plastic deforpatign. an .
1PrfP%‘PF‘%Sc‘i‘th1°Pﬁ%t%ﬁs 3t A Bavineon suerantialiy @?férwaf' gprtion 14 and a

o?tlorp'i‘ a SUBRIHALRe S4 lflﬁ'? 89 Jéi’ﬁleé’\’@ﬁ AN pﬁésﬁée 9% extending

cap|I aries vary In configuration. An exanple
thtrongh therapillary faorpastage whrakwirg to ibp bofided b)ﬁplWllreabgncfmg apparatus.

ema gg%lsap o%parlgéalgéq] Iaapf?a[rﬁlcﬁy gc%gieintre% é”lg’oﬁl? gﬁnterhne of the

cQ;Sl[lBI‘yOH) 1Qh9fca1§1h§rycﬁp'aisb %Muéé%aef WolldnMtigenp ette/iThg H®m conical
king tip 20 at "an angl which is sonetines

ppafoerlréecaf the slaé’t t%@ct:l@n@e@ntga terrhimal enveofcthe capibary 100 The working

|ndr portion.14.0f the, ca f
Dt BPRT OB il b tePmot PERGRR) tos B ferdfmmation and
iﬁteffmlmaint&mloa%toéontdae 16afbhs, oY eddnSIpPOS iat Qubstigte 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 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



working tip 20. The transducer vibrates the capillary
shaft 12 to supply ultrasonic energy at the working
wo e@s2018T the capillary 10. The ultrasoni c enpChysS2005/016210
supplied by the transducer facilitates the
above-descri bed plastic deformation and interfacia
interaction between the wire and the contact points at

.bond site |logcation. As.shown in Fig. .1, the_.di anete
cincigl porion of trore s egmin fogsdprrrcabieine ehd REMHETART2 (o the

i@&@éétfaﬂtbwéex 1A HhAALal 'gBrtfdﬁelQYelnh@HJ éifdal BMibhqB. 14

romthe term nal” transducer-engagi ng end of the shaft

12 to the intersection between the cylindrical portion
[0098hnd Tt fiedesinablethatpthe tdiasmetdroof the desiain ball foraied iat gl end of the

that the dianeter of the free-air bal.l forned.at the ..
RGP FIPRE A e isca (6 bl oP IRl Gfpsgmircit
bbthRef R BebalReall ard Gi8RapillaFyecentdRRE Rt ddsihbly fHEENREAg accurate
the free-air ball and the capillary centerline is

phisementhlethe ovirebond iwith sespentde @ fereeteheontacsflogationy kit evould be
bon b th r ect .t f e . | - I .

SR LR 48 hALOEh S BRI ghRER Mg et of

tisl bgdindty | il a AbiteyBomIMig Wppdratuhie SIRAtAY hirdifgedient h@uld provide the
capillary of a wire bondi ng apparatus. Such an

geaeteshprehehiti s oacontiasiydket wera @fe sesulive fireoinbal] farpedpt the end

IR AR : l.ting: f.ree-air ball

o BRAEE & Ble Y ERANEERY ooy chlinel 22 0 and the
capillary centerline. [0009] C earance between the

[0G09i] | | a€leamnck bbtsveERr Ghevaapillay dndoileaFEFQ wamd isdggbically provided,
however, to, provide access for the worki ng of the .

hewgYe) i Broyide aheess &t Etwquéleﬁtepér?g thcapillgy 3 ﬁ’ﬁt"é’“%a"t locations
onW suB&fite ﬁﬁ'ﬁéé.dkle&;rﬁi’ngfy\?w ﬁlte?f@h Wahdl c &R0 cRentrically aligned with

concentrically aligne the wire dianmeter and,

thenwire ablgmetersandp énstead amaist be losatdd 9t ardestarfce dram Iee centerline of the
centerline of the associated.capjll : . a.resuylt :
SEREGPRTERO A R BEOb A FOTERF G L EisPieCRd 1 the temmina
ch@ bR aVireelOng®4 path ehathis blRjue %th&eﬁfé&ﬂp&ﬁ@éagﬁlﬁarﬁbérit@ﬂiﬁe.

with respect to the capillary centerline. Sumrmary of
StuHJ%J?\SFHIeiIH%nﬁiQQm] According to an exenplary

enbodi ment of the present invention, a wre bonding

tool is provided. The wire bonding tool includes a )
[00%03t citéanding ctal arp exernplaryhembedjment jof $he prasemtdmvention, a wire

b?)lpélﬁttgcﬁl %ngroeidgg.coﬂye \():\Xrlel lpo%tﬂncga!oop?r{c‘iﬁcpeg aag}s?%§'ﬁrt1dr}cgls 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



cylindrical portion. The second cylindrical portion

has a second outside dianeter, the second outside
walemseizasg7 bei ng | ess than the first outside diBrEUSM005/016210

The wire bonding tool also includes a tapered portion

adj acent the second cylindrical portion. The tapered

portion has a third outside dianeter at an end

adj acent the second cylindrical portion, the third

sesonds piendaicaleartion Bdiperyt [tass Srst Rylindrical partier. diie speged cylindrical
pcgtjtniglqglgg 5'56&9‘)@ sifC AR ItHe e BRRE HiREIdE )ﬁmtﬁr%i less than the
enbodi ond; %19

ment o e present’invention, a wre
fissy stiteidde idfanpstay i The dviréThundiig teobadswlinaypdsy & tapeneid potticcesljaent the
wi re bondjng tool and an EFO wand confjqured to form
sqpd sxliirisal Porfon o ] Nriobsrd PRIOR e a&gﬁg Wi idcopmeippat an end
acﬁ%éeﬁt iR @g‘;dﬁg C Hﬂéridapgééﬂﬁgﬁ,sth@ titd Gtsi@y Hi'aﬂl‘éfe'é Saing PR tHaBRhe first

aving a I rs out si i amet er and asec_on
outyide demeater. Therwiroboralihgsysten mhy irfdludstvagiphs ofliei eahponents (e.g.,

ortion. The second cylindrical, portion, has a second . .
aib I CpsgBicq FTAMGEER, Wite RAABEGTETEEIMS & BRSERS Ml gn indexing
 sysRES, ekdIPd ik REowh fsthoQUiTYrdifad sRITEinQhe arthe Wi re bondi ng
tool” al’so includes a tapered portion adjacent the

second cylindrical portion. The tapered portion has a

third outside di agRefDedriptonUTdhéPrav the second
cylindrical portion, the third outside dianmeter being

| ess than the first outside dianmeter. The wire bonding .
[00]21 emFrathd parbosgeofilustiatiag thehiarerdipnpthaeenis shgwn én the ghawings a

ultrasoni c transducer . W.re spogl | chapi . S
5B Bsrsshly PRI i i G R B leFaS Hlaf g jfgpon is not
litn@tell ROER pPoécifRriangdnyerKard inbtPurhéialitles shddwh.dh the drawings:

Description of the Draw ngs [0012] For the purpose of

illustrating the inventjion, there is shown in the
[l nddgal fismnside yiew dllystrating @) apHIagY & & gvirg Popding gpparatus

0 . ver, that this invention is not
a%%%ﬁpggjﬁgppﬁgm%recise arrangenents and

instrunentalities shown. In the draw ngs: [0013] Fig.

[014p a BEigdeisva eide iviewist 2 aapillayy docapiitel lmngingapparatus ragcording to

bondi appar.at us cording to the prior art; [0014]
aFF’é‘?mlgg‘iysep“g’ogfrH@t@?gW pé?seﬁtg‘%ﬁ?t}qnar y for a wire

bondi ng apparatus according to an exenplary embodi ment

[6U15] he MEesent gidpuRAl iiiktration with photographic inserts illustrating the

relationship between spark angle and free-air ball concentricity in accordance with an

exemplary embodiment of the present invention;

[0016] 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



[0015] Fig. 3 is graphical illustration with

phot ographic inserts illustrating the rel ationship
whedopeensspar k angl e and free-air ball concentP@TUS2005/016210

accordance with an exenpl ary enbodi nent of the present

invention; [0016] Fig. 4Ais a side view of a portion

of a wire bonding systemduring an indexing operation

i n accordance with an exenpl ary enbodi ment of the
[QQA@}; entFig. AR itd dﬁﬁallepmle\moé a capllary agd@p@g:c(;p@ﬁ,ﬂ@fneaoff wand

%rd?ﬁ‘ce%xtl?a%{e?n;ga%ﬁ%gﬁ\%d Smhggﬁéngt 1ﬁvérlt peof f

on i'n accor an exenplary e od ment
of the present invention; [0018] Fig. 4Cis a side
vi ew of a porti dbetafledDesariptivmnetithg Degwimgy duri ng a
wre bonding operation in accordance with an exenpl ary

IE0E oehordne i o DSt GrvRaR A d5 PrigFah capileky (0P wir
bEHER ragﬁérﬁtugl a‘Fﬁe QB{)lll‘ﬁ%nﬁlcldaﬁ‘%oﬁﬂﬁln%@ssﬁget @xt@ﬁ‘ding through the
exenpl ary enbodi nen the present invention.

C@altlaylfedp@ew wﬁoa lengthodf wire. DPha\mxmeg Pappeedy prisdiy |Snlgstant1a11y

to the present t|o ther r.ovi.ded .a £
o 3T EEM I T ie Cornl U SRy Ot & Bty are
rediicéioadllonafos R e€3pacing lb@ﬁNdehrtﬁ’éléﬂhtérhﬁe 6Bl |chpil lyryf 2 the wand
gassage of a Iength of wire. The axial passage_is

e tloptaariy flampofbdavies B Od Clerst smicing betwegnthe FfRewend and the
c% glll(t:l? g)lrf dl epllrle atll% tRé‘l ts?e[rk dangﬁznt%l l?oghcpefaséd1 ec‘hereby resulting in

uce er

d@@éd&@@ rasjlrhﬁheﬁ'? fHe&K/édnn&le Oﬁreet-aiiﬁ baR potthed wt &[Bdeﬁd'] ef \AaWde and the
an electronic flame-off device (EFO. C oser

C@ﬁ%@ﬂﬁ@ BecaRdAYt he EFO wand and the centerline of the

capillary allows the spark angle to be increased,

[?@ZEG bYpnr Eezl’fékr{ fe nglgryd %Bﬁﬁﬁﬁgga?ﬂ}{er%lﬂyry bstt Hﬁeﬁregéﬁ@ invention

-air at the en a wre and
ccmptimsla' cmic pbi‘te)ncaa@ 4 lsmsgantlpllwzyl]ndlmalcmrtlam nd_]acent the conical

I
pgﬁ\%gﬁt yiln‘glgd 1 gggltog ocfé c E%H %rlnci % %&Htghagld R Eond & segments, the

s&HRat @Bhed! le¥tehding NFbCRle BSHiddl Ofbrch. aCERE sbddC phfeat 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 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 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



portion. The cylindrical portion of the capillary

i ncludes first and second segnents, the second segnent
w@xdosndiisy fromthe conical portion. The seconeCEHESEH016210

of the substantially cylindrical portion has an outer

di aneter that is reduced with respect to that of the

first segment. [0022] Referring to the draw ngs, where

|ike nunmerals identify |like elenents, there is

28 fof G@nlﬂm’é’d isrilesuriped n UaS citgsi N, ¥12658% vdushyisngearporeied herein
bg egg%n e 1n 1 SerI]lttl qﬁqg(:?q%ﬂag§g tl"}/éfI rrg%?lret\r’@a ﬁltagpwjttjﬂ? \}\)llllatr%24 includes

a aial }baaﬁageM eafentilig ipsatsenitial aiparienowith theovehtealine of the capillary
el ectronic flane-off (EFO wand to direct a spark

2dowards a ternminal end of a wire carried by the

capillary 24 at a spark angle that desirably reduces

r egt%e%tp]llfé}f Gichide QatHxﬁ'e(f 8f MCQ%nﬁgﬁn%Q%BQ -a cylindrical

ree-air asymetry provi ded by t
ppntrese%t Tluwe;dmdunalrmmm 34 inzludes rﬁeasaad sacmldmgmentn 36hé8. The
| acenent e bon at bond si
P GEREY 36, Pas BB o J° BT HuRafe SRR pipond scement

38f T‘h@%lﬁfl&&eﬁ{d leAMENtI ONthe Trbtudpmemt SRS dizedFoRBbaBement with a
working tip 28 located at a term nal end of the shaft

coreentipre] pransdwem @ot elmwri)g (ings tha tehsduser oply Kigpts fopa pgrtion of

S no crlt resent n
oA mer b Bt P BRI BRE (D SE0her o R By v
s@esitrel bateferibly, Sthe PRhgthND.3 6f TS, B seghhidn 36 Svould be between
i ncorporated herein by reference in |ts entirety.

apprekimately §. 12Rdnghes and 2nproximgtely Gl ¢4 mohes he capillary
24 includes an axial passage 30 extending in

[(ﬁ% t agfr”léleaxl ltc%ggﬂﬁ%fﬁ%lhbgt&ﬁbﬁé&ﬁééf 1§20%0 1418 pemit the EFO

capi || I nc es a ta
wahd cobé phbedeafldsepw theoworRidg tipn A @oodihglpdasi shaWn p')mth' @nthe second

34. The cylipdrical ortlo cludes_fir
segpesth 8 g &éﬂ%rget%tha espren fheaf iagelghehthe BoysRgngnt 36 over it
efiRMEigRh 12D afheI s%c&{@%gﬁ{gnf ban édﬁﬁgﬁ’élﬁr@ft@[heoéonwaﬁ ortion 32 and
second segnment 38. T Ianeter and |length L3 of ?
the fist segegpmedd. Fbe dutes dimpwtel of tl@rﬁya@éﬁnmthmemndasegment 38 of the

cTPKERL GBRN ) RouHE G, S BBRTILY PG {apiebpYy Jro sccond

sg’g'ia%?ht tigatap %f)d)x@efht TRXor FRRtiAg thet MiMMAMESUtEN disindied f@T 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, 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.



structure. Preferably, the length L3 of the first

segnment 36 woul d be between approximately 0.120 inches
wansapasoxi mately 0. 144 inches. [0025] The rep®El/08®05/016210

of the capillary can be reduced in size so as to

permt the EFO wand to be placed closer to the working

tip. Accordingly, as shown in Fig. 2, the second

segnment 38 has a dianeter that is |ess than the .
[@N28het eFheggoniqabperition 3298 ghath26 Badinsent at pre ga forthe working tip 28

| .h . y ' ' M . .
ST S, PRl bSO LD W o i
afdltcdmpatiagrehe confentiogalstupillary Glebign t toeths ecapilthry @gmefthe present

.38 of the cylindrical portion 34 is, preferably, .
irygREeMINE £ONG ABYAY aﬁpaﬁlH?réh?gh&uPre?%@q%é‘&f‘oﬁ%ﬂn%éﬁﬁéﬁply slightly

i . 3 i i ) .
o SRR Lork 0 BUAREL] D BB ety 24
approkintinel$£20i degveab.| Thhilaigtiedd, oAthesdonival portibh 32 of, the bapillary 24
di aneter of the axial, passa 30 of capilla 24

ST 3B ke SERP ey SRR P OE pirs 0 eh s GuRaHisgaiy Tosp tham the
lélr%gn fli 5ehk 'c?ﬁ‘icﬁ’lfpotrh@n 10K ddvédtRndiBeapflatids Wsts%ﬁnti% Fig. 1, the

ertion of a wre into the axial passage 30 an
lgngtldE’ ofitbe womiealtpoviiondss ofwecapentianaticapfllarid Oupatdub gne-hglf of the

28. Accordi.ngly, ..t he | .thickness in the cyli i cal .
el et BF el Ay e F b v ik i oth T i conial
pORfAMD SLAREADIIRE 2MliPReNt Al iRichlSCadfos Will BetehiRint ithe bptimum

segnent 36 because the outer dianeter of the second

ratiy etweedgh¢ dengtindtlaand ther eanghangle phiacludingt eppiljary dynamics, the

Stressgs creat in.the.wall of e il .
005 Frubh b The, Pbiid Sistert anly it bR Fhe Whiq pf L1/ o
sh6ull i eset rddlicdd @ KRl attemethdt thhfiput@idnedf per térienl gfortion 32 of
the second segnent 38 adjacent the first segnent 36.

cFpillayRd weuld iterfere avith adjtsqatnbended gvireehe capillary 24,
the mi nimumwal | thickness in the second segnent 38 of

[b@ﬁljcy! JAQ (%r ﬁeglﬂbtggéédluggqq gérri[egedg)g]qﬁﬁﬁ&gha S m+rﬁa§8t and the shorter

approxi mate e conical portion
1&%tlobf geabhicZ6pdrtorad] acteonly pérmineosen glacemertef wor EF @ gvand to the

tip 28 and having an outer surface that w dens along a .
wesKigaig 8 SOMPERLIS () Slysaieneprh gabilatitg oUbADar T albei

%@ﬁ{lﬂgf,‘m\k%ﬁha&%@céﬂi%& design to the capillary 24

present 1 nvention, "the cone angle a of

capillary 24 is preferably the same as or only
[8028ht | Fhe 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



greater than that of the conventional capillary. A
preferred cone angle for capillary 24 is approximately
w@0odrgrees. The length, LI, of the conical por¢T/082082016210
of the capillary 24 shown in the exenplary enbodi nent

in Fig. 2, however, is significantly |less than the
length L' of the conical portion 16 of conventi onal

capillaries, As shown in Fig. 1, the length L' o(I) t he

typisiai Lz dieve a diaresier1ef P62 @éhﬁﬁenTheo‘?fame@éﬁg theategondhsqgment 38 of
- i |

RI9MhaRaP Al ey 3 Q45EAS 4 RAOLE Alpbeof 1 b, 0057
inchey. CAk apesuli, aie didmefer tiln ¢hecsgoohd segmeddl 3Bds kezimsed By 0.025 inches

varie of factors will .determne the optimumratio .
C%P%é# PR %rb??gelf?rﬁ_ep wehich FRrPERTR SRRt iameser Y23 inches
uﬁﬁltpgrﬂohamé NRBALA Sporfidie of ARONAAL  ThEJURREYN OF 0108 inches in the

asoni ¢ 'systemand bond pad pitch. The ratio of
dmmrshaywif dthenshiafti?® meahs dlead theoEF Qevandtaantbetphased 0.0125 inches closer to

confj guration of. the conical portion 32 of capillary
tffzfemﬂrf& 9f fhssapiary gﬁ"t h adj acently bonded wires.
[0027] As a result, the reduced dianmeter of the second

[0030eNt AZBmanEthah e Sparkt figld BRBtiRedhs tHe@angRNGoBE spark path with
portion 32 not only permt closer placement of the EFO
repperd te dorirentalol-ki PG degrersspadnprale swould bhatvegically-oriented spark

p%ﬁ%ﬂ?’tﬁxglt#g?@%?é@%iséolc%&%deﬁnghbfﬁg Iﬁlo%oarf l%g¢i§§1y[ gdoggifihgrhoé%zs inch

over ss of" capl

diaatbtgtthenghdut il eybndrival poienss appgoxiiatdie 48 degmes. The exemplary

segnent 38 pernmts, the, EFO % to be positioned
embadistent of theePresent Bventiny dsscriied indhs preseding Rargprapky An the other

C rend al | : h 1 .

Hh e, B TR 10 B ploli AL HokelPlo R%<fiflre e capillary
2poiacteasing thersparl aagleao dpprgxiapeelntd? degre®y | ocating t he

EFO wand nore closely to the centerline of the

[@g{ih ! ;ﬁ%%/fgr%ggtnt%g]gl g\é\ﬁ:\ﬁ %g%ep\gll%y zlh%trﬁé&g tsl'&é:\%sls Qei,r%?at%gﬁlrif)( between
sPRRIRY IRl NYmAtktlydSothe rédulttpeec-5iPbhaild WriHed O -thé\end of a wire.

di scussed preéviously, an aligned configuration would )
Theslark cirples mepressat teshdatarpoints insyhieke tveg-airoballshwere formed using

free-air, ball farped by the, EF nd. at .t n f .

R Sl BB R S O R 08, 0 4w et
oh NARISK gL fred-Rid thal ReRNbriaed Ak Indasured. 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.



capillary having a dianmeter of 0.0625 inches at the

upper end of the capillary. Accordingly, the first
wee@semi1s86 of the cylindrical shaft portion 3BCDUS2005/016210

capillary 24 woul dtypically have a di aneter of 0.0625

i nches. The dianmeter of the second segnent 38 of the

cylindrical shaft portion 34, however, has a reduced

di aneter of, for exanple, 0.0375 i nches,

[0083] di dietielse includes y@ebﬂwt@@gwkérﬂssqrrsa%wtbdhr@e @f ﬁy: actual test
025
da&?1 gg%s' atwir?gdﬁa%nﬁgxﬁl %rgfgnefa{’['n% etlrlgﬁ:r% 8383895&(“3 »\){\ft}' Si'which the

con

fredrai@ bah @diforinbe. @l shbdih] thalasynineirg dea@tased m&hﬂéréasuil'glmark angle
reduction of 0.025 inches in_the dianeter of .the ﬁ%ﬁ%&

arpsis earhseliminated neherths SpaFkcRnEln prereAset I RRITQXIBStely rees
closer to the centerline of the capillary 24. [0030]

[Oﬂéﬁﬂ]ne d tmﬂtﬂlhglﬁatép@#é Al 0o debi@ed é%t%llfapﬁ 4‘?0‘9&1? a raised

ark respect to horizontal (1.e
p&iticte grithe respem kto abmgidengnewrfate b400a \Marious adolngpoocnte e d)mltted in

oRREL Sl 15 AR 0 SE AUtd eb B iy

retdt]EeQP&hﬁ’iHlteaéetdeoP Eiahﬂdr ChalpiBPidol 202 iiSaldd BRA¥ HRh @4iYedHpbsition,
degrees. The exenpl dry enbodi nent of the present

such\/aemhwrandeé@mmg)el@ﬁatmrt iy @emg@@ef@rmgi (seg-axbstpHies arp indgaed into

gqtitgtgqg Pg} Q}OBdl'.nE esu%?g%et éé(ﬂl n %fl q 8bﬁ?l§deasct§%t C n%ncal portion

41 OO 's€@nid hh@ﬁ‘cafli% ftibn%"l@ibeaﬁd)c@ﬁadlq:)drﬁﬁﬁi eloc. 5Bond1ng tool 410 is
degrees 0031 eferring to ra hi ¢

illusirated eabeiog eggﬁgﬁé withetransfluger 69@ I(]‘ihEPUBBt th@w portion 410a).
ER PSP A0 FSYUTRIKRE, ANk AR BEDG 46E- Airfih BAkphg tool 402

e en rcles
(andriongdmgttodlesl) fatha rpisedpssition viiftighdA rie s—cﬂear thelthese is a limited

were formed using_varyin ark angl es .and_the
logatierior the R%‘ttW@@% EtFﬁ)eWng‘éQ‘ngIUSgng%% ip gﬁ@ Wire
di aneter on which the free-air ball was forned was

[(ﬂﬁgf ur effg dth Siﬁﬁﬁfégesod'lﬁirﬁ?mg Ub¥1€40RHh & h@@er@@lp%'iln@ﬁ et Bfspect to

test “data points us curve-fitting cal cul ations.
bén‘dmgl osmfacd: HOO0r edlul thin g)o:seloondleo F“fheng’e gl aEF@n wiand %)04— may be

accﬁﬁ)éq;gls%( ggg)zaﬁ éﬁ%‘-a? allﬁglap x W‘e@fe zz (noP ﬁfustrated 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).

[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



[0032] According to the resulting curve, an increase

in spark angle from approxi mately 40 degrees to
wappseisat el y 52 degrees results in a decreaseCT/US2005/016210

free-air ball asymmetry from approximately 4.5 m crons

to approximately 2.4 mcrons. Thus, the closer spacing

of the EFO wand provided by the reduced capillary

oflle of the present vention results earlLy .,
&1» rthesAm dgmeter eﬁﬁxshcﬁwééw%hnortw loésQJlli‘H%?iW“F oﬁé@q of the
p 0 h
St 5. T 5, L, o) Lt 1
cemsy lineo f yondatgweelnt ltohedfceeasyaimethyainla fanded free-air-bell.on
which the free-air ball is fornmed. As shown, the

(GHRTT i 417 e Bersn Hevi 6 Sraek AgRaR e Ak Bodlip st
iARRr A K@ﬁa%vyde@ﬁib@%l rtﬁee@arl{ MY3s thé Sngld6F the kspik pathsith respect

w re bonding tool ( ., capillary 410) 1n a
tor ldrizedtapo distip chawfrpm Flesﬁlgcﬂletscarﬂfmlmglllsd@Sﬂrablef iggease as EFO

WSFL BrGOTBETET oD COROLFI H iy i ot 1

TRUL A8 PEsvidideabdl &) By grblid grb%ﬂdﬁ@do@lm liongite éé‘dbdd fcolindrical portion
clarify. Clanpln t ool 2 is also shown in a raised

4 Hhshaviog 2 cbmnteagmM@ﬁhah firsi devdindrecab pertion; Haj @obehayy in Fig.

s are indexed into position

4§§t esgﬁg Sggegi%%%ggionding tool 410 includes

first cyllndrlcal portion 410a, second cylindrica

[(93P] | orAKHdgh the reseti maéntmrhdsdweé]d&scrﬂ:Bdrlmmaglly donlterms of a
410|S|Ilutrted as beln g ed with transducer
wirggbqnd defiRigg o (APPIRAMASIES JOY IR Gh CoNSARY 1Ak @hglg Alone its
eé%ﬂﬁh it ﬁl ﬁ& 'lfﬂlféﬁt E}@r@ig %%rﬁﬂ%ugﬁﬁiﬁéaohh poi"r% passage are

cl anpi ng t ool 2 (and bonding tool 410) in

comemplitego ot iesample, El gabsmm;xallyt hnsarcﬂmwget mbmwsrveth @ tapered
alimted Iocatlo f.or the positi EFO wand 404
p?siﬁ%geljalt‘i'l’ﬁreéﬁ@S%aigﬁ %gv:f.rgglggilpe,r;iaﬁg e%ﬁ || ustrates

clanping tool 402 in a |owered position with respect

[6030PONATIRY predérft aiEQertdR. mhf Behembodied tih thérhspecificr fo@’s without
of EFO wand 404 may be acconplished to form.a

depagéngfromishe Bplat omgpserigl wﬁhut@rth@m%\arw recodingly, reference should

o HER B inf S VAL AL RO, i

tﬂeo;ceﬁee@lftn@&wteh@cshfor perform ng a

10



wi re bondi ng operation with respect to a device on

bondi ng surface 400. Bonding tool 410 extends through
wa@amoapensur e defined by clanp 402 (the apert urBCT/ES1004/016210

visible in Fig. 4C). During the illustrated wire

bondi ng operation, EFO tip 406 is positioned a

di stance from second cylindrical portion 410b, wherein

the distance is less than the difference between the
cPwsggle di ameter of first cylindrical portion 410a and

the outside dianeter second cylindrical portion 410b

th Lustrated enbodi ment the distance is also

Hgglsscjtqﬁra{llr?ht e difference between a radius of first

cylindrical portion 410a and a radi us of second

cylindrical portion 410b). [0037] As shown in Fig. 4C,

it clerthﬁ fg nd 404g(inc|uding EFO tip 406)

i s closer 2t8"¢ AL ?cfnﬁ%“(lﬁ bondi ng tool 410 than

it would b econd cylindrical .portion4l0b had the

sane aoﬁ“éh%’ ‘é‘iin%?i ppitiogihaing;a %IHFF QU ‘?)%‘P{nle@ﬁ 410a. Thus,

during "firing" of the EFO B_( N the position

showA s¢qﬁ>n¢|cghnd4ml parfien E;;@epr ﬁle @ﬁtﬁqheqiref@bpomen,tth% second

fl%'?ﬁ%g ﬂfo?tz%nolga} rr?é;éj elggnC{ glgglg? a%ﬂe?gﬁgﬁgﬁgxggﬁge?’dé%ﬂet@r being
legs than @lie filReowpide Hiagtegdreanidn t he f| ring position
illustrated in Fig. 4B. As provi ded above, the spark

angl g tdper f}%rﬁ&gé@a&ﬁt thb @es%aaeyhmﬂtcbl Mértibn, rtl@é@E&’éd portion
hori zont al . Is clear fromFig. the spark angl e

heying a dizd @tawrky diametes aban end @P@enﬁh@l sec@nd eylﬁ@mah mgtlcm:@le
e of bondi ng

tl}lrcpcfu%sig%dla%h[@ ’%glg ?%r?gkgalgl éfl@ﬁIsESutgﬁQtd%ﬁért%w di ng

bondi ng tool 410 with second cyllndrlcal portion 410b

having a dianeter smaller than first cylindrical

portion 41a(not 4D e ark angl.e .
desi Pabl y &8 mg[t?fd:?gfr}i%tlh ﬂnttgee E%L,%%flgg diameter is
suﬁ%\’a‘?xﬁ%n;?gieﬁééal% B ydep GBS diaplekdrarily in terms of a

W re bondi ng too defining a tapered passage having a
constant taper angle along its length, it is not

limted thereto. Alternative confi gurati ons of the

passage a cont.e Iate fOE_exa a I
Iinegr patsrilgé’vére b&%}qgé v%ftcﬁangelt a%ge%?lél ep‘a”irg g)g}&ﬂ%b%ll défines a
phAREY SderiRSSREghRUENEF tHeFiyst bliddieal poie, @ise se€brd cylindrical

portion, and the tapered portion.

4. The wire bonding tool of claim 3 wherein the passage extends along a

centerline of the wire bonding tool.

5. The wire bonding tool of claim 3 wherein the passage is tapered such that
a diameter of the passage decreases from the first cylindrical portion to the tapered

portion.

11



[0040] The present invention may be enbodi ed in other
specific fornms without departing fromthe spirit or
wesmeniiigd attri butes thereof and, accordi ngl ypCT/US2005/016210
ref erence should be nade to the appended cl ai s,
rather than to the foregoing specification, as
i ndi cating the scope of the invention CLAI M5 What is
claimed is: 1. Awre bonding tool rising: a first
cyl i 6dri cdihepora bandingophef caim; Iy ‘é’hefé ¢ tapersd pREicayhas g
secon ylindrical portion adjacent the first
cmn ? &F%cal portion, the second cylindrical portion
haV|ng a second outside dianeter, the second outside
di aneter being | ess than t he first out si de di aneter;

and a tape ed p rtion cent secon ric
port?on %“@% Pé@g BHHEAOY mﬁaﬁHV#a¥5ﬁQ£VB% 18

b bélpo ﬁﬁoﬁé'&ja(@éyeﬂ@tﬁé‘ tecoh&c ﬁﬁﬁ’ﬁgl FoHibmeirk w1re bonding
por I on e third

si de dlane er bei'ng |ess t
opdratidn.r st outside dianmeter. 2. The wire bonding too
of claim1l wherein the second outside dianeter is
substantially identical to the third outside dianeter.
3. The wire bonding tool of claiml wherein the wire

bondgng t gat wirftoRemgaodla$SRUR 1axticeeiditigsechiidoiger dianter is
of the first cyllndrlcalfportlon the second

salistantially ectistapbelonga lengipfithesacapbeydindgelnosion 4. The

wi re bonding tool of claim3 wherein the passage

extends along a centerline of the wire bonding tool.

5. The wire bonding tool of claim3 wherein the

passfge i Tht aperwddismgedoltofiataim 1dvizareindhe Hifst olteidp dmsetgr is

agpg{(é{gﬁlgze Qrﬂréggn hncges -pﬂéshtﬁ égnigndr ii%&‘gclﬁﬁgg{e} E?a%g%ogcluh?tily 0.0375

ifMREs ei n the tapered portion has a conical shape.

10. A wire bonding system comprising:
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 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.

12



7. The wire bonding tool of claim1 wherein a tip of
an EFO wand is configured to be positioned adjacent

wao bwsssagnd cylindrical portion during a wre BONU$2005/016210
operation. 8 The wire bonding tool of claim1 wherein
the second outer dianmeter is substantially constant
along a length of the second cylindrical portion. 9.
The wire bondi n% tool of claiml1 wherein the firs

out site dhswirebonding pysiem oheleisn 0 whormmthe sespngd, Ouéﬁ*ﬂf diameter
is. snﬁﬁgg'n%%ﬁggde%ﬁgflltgﬁleghﬁg‘s{lﬁ{de' &Y oxi mately 0.0375

I'ng sys em conprising: a wire
bondi ng tool; and an EFO wand configured to forma
free-air ball at an end of the wire bonding tool, the

bor ¢ Fon habT M RoRTE BvsiTe Of daia A dert thepire b Bkho
d&Heb Qg‘éés%?%eﬁ%&lh%{l‘u@%h%&péf thB&irdt 'C?Ffﬁdrﬁ:)ﬂ hérsh, Qﬁé second
d cy

port , e seco indrical portion having a
cdinddpal poticsi, ded thedaperat portible second out si de di anet er
being less than the first outside dianeter, and (c) a
tapered portion adjacent the second cylindrical
portion, the tapered portion having a third outside

di amgd.er The dreddddiagspsanof tlakn 2 earekis sHel package aktends along a
portion, the third outside dianeter being |ess than
cqrigsling plthe avireshondingitedlet er . 11. The wire bondi ng system
of claim 10 wherein the second outside dianmeter is
substantially identical to the third outside dianeter.
12. The wire bondi ng system of claim 10 wherein the
vvi r e 14ondThgwiredondiaf ispeem af pkaim AQevhexdie Huti mgsagh isdagehed such
that g gla(r)rfetetr i&e t}]:el praggage dL(I:ngsgé from t g E'ltrslt g)r;imdtrlcal portlon to the tapered

portion.

15. The wire bonding system of claim 10 wherein the tapered portion has a

conical shape.

16.  The wire bonding system of claim 10 wherein a tip of the EFO wand is
configured to be positioned adjacent the second cylindrical portion during a wire bonding

operation.

17.  The wire bonding system of claim 10 wherein the second outer diameter

is substantially constant along a length of the second cylindrical portion.

18.  The wire bonding system of claim 10 wherein the first outside diameter is
approximately 0.0625 inches, and the second outside diameter is approximately 0.0375

inches.
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cylindrical portion, and the tapered portion. 13. The

W re bonding systemof claim 12 wherein the passage
wexdoendasal ong a centerline of the wire bondi nect/os005/016210

14. The wire bondi ng systemof claim 12 wherein the

passage i s tapered such that a dianeter of the passage

decreases fromthe first cylindrical portion to the

tapered portion. 15. The w re bondi ng system of claim

10 whr ei hhe wiretbapding gysiern of elaim 39 whepci,duging dyprebonding
i . o . e ..
oL B RPARD G R L f e ERTAR HDBESHh bihce
frafl the edtond bdimieicalnsbrion, iwigrdie e dinaddednledsthian gheadiffereace

bondi ng operation. 17. The wi re bondjng system of
belMapR TR Irbruaae ametes 8RiNg SERPNE OV de FIRBHET. o
substantially constant along a I ength of the second
cylindrical portion. 18. The wire bondi ng system of
claim 10 wherein the first outside dianeter is
appr 2%i matTdeywite BBRring systensof cdainh thehgreinarpbsssipngif@dip of the

janeter is r oxi el y 0. 5 inches. 19. The W r
ER G R st B4 SRl GeiisAgParkAnglé Wi respeet
tdPPRH 2P BRhA thO Spak ahdl€ b¥ing Brdarpeliangtosdegicesn a tip of
the EFO wand is positioned a distance fromthe second
cylindrical portion, wherein the distance is | ess than
the difference between the first outside diameter and
t he second outside dianeter. 20. The w re bondi ng
system of claim 10 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 horizont al
pl ane, the spark angle being greater than 40 degrees.
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