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ATTENUATI ON CAPI LLARY BACKGROUND OF THE | NVENTION This invention relates ¢ (3’74."

gener al | yWO@2/868140l for use in the bonding of wire to semPEFHRIZDET0 devi ces
and, nore particularly to a bondi m\“mmlmﬂm‘ g controlled attenuation
characteristics. DESCRIPTION OF T Modern el ectroni c equi pnent
relies heavily on printed circuit boanggeen whi ch sem conductor chips, or
integrated circuits (1Cs), are nounted. The mechani cal and el ectrical

connecti ons between the ﬁb@ﬂiﬁﬂ;@mggﬁwﬁéﬁ@ 1LRp§ed chal l enges for

chip designers. Three we NOWN rques Tox interconnecting the ICto

the substrate are: wre borﬁlé&tgﬁRb% Bﬁt’ﬁi@fﬁ%ﬁ?ﬁfﬁ ng (TAB) and

“flip-chip. The nbst conmmon 0 ese processes IS wre bonding. In wire

bondi ng, a plurality.of bondi ads are |la ed i.n.a.pattern on the top
surface of the subs }P%Pf‘é?nWﬁqgf%ﬂ%rﬁﬁb%r’?otﬁﬁlta%ﬁuﬁeﬁn fhﬁgp’rc‘&e“r’ﬁ QwiK o, e
pattern akmbondlictds dpaets andntbre Partitwdfrlystdra twading tool hevingvoptrdliedianghuatiay from
the top surface of the substrate. Fine wires (which nay be al um num or gold
wires) ard@i@eifi¥it-ed bet ween the contacts on the top surface of the chip
and the contacts on the top surface of the substrate. Particularly) the

connecting wires are suppl PESCRETIONRIHEREWRTERARTand to the substrate

t hrough a capillary, a bonding tool further described below Capillaries
are used, for bal | Medun algetrans egipgrepigebissdieryilymrerigtedicradt beefsincitidr 1y to
bond padseRicoi@iiier eﬂgy,% Hte ARV GRIjts LS afedRbunled! 1198 mRbRanRGNGIRlcyichior med
froma ceramc matertal, principally al’umnum oxide, tungsten car bide,
ruby, zi revomectionsdiebyeenl thalchipi and theZulgtratediaverpaosed clallefizenfod chiprdesignetsATireaand
ot her materd.als. .Ver. i n. WT rakl t der..of one m |
gol d, cop‘ﬁ%frknc()’%natt Cﬁrrh%‘r’\%mown}rlg&c’%{ms? gﬁﬁga é%th? %bgggtﬁg%h%rfg’gpappég& spgge in the
capi | | ar yauwiniatedeboading (T AR dnd ikp-cidp.f ormed at the end of the wire, the ball
bei ng di sposed external of the capillary tip. The initial object is to bond
the ball to a pad OThdhest s@fiincDofktiesk: PEocdSvd i€ evirtdndibe NI wirbboiding, por ti on
farther along t .re to a lead frame or the |ike. ring the bondin
cycle, t r@ufeg%q?g%%waﬂ%?f%?ﬁﬂegﬂr %p‘l‘tﬁgh("b&f‘é 9P ?‘ie(??ﬂ]eﬁlgg‘fa_mt Wétggl%ﬁ Clh% s
forned, tReuknh kledlehteNbiSthe pdttefit of BIMifg pddd Carldahd top BlrkdcY o RiP fAdiE away
capillary for bond pad targeting. Wth a first bonding step, the ball is
bonded t offem gidomsirEce akhihe SHEGUE.o Fing avies WhighhBay beydupigm qrgeld wigst#es t he
bal |l do | 5@.3}3 | Atk Qlkace AS
t he bo n\éwbﬁgﬁ%iegr%g&%gﬂg]? g??&ﬂ%@%#o%%#uﬁ?ﬁ% a ?ﬂ% %ﬂg‘l)%elcsde fe?Ppms oé1 ﬁet he
surface off thehsmbipmatel Particularly, thegdenneciingf wires aze gappliedrang bortled jte the shiprapd torthd| e
to break / g - / : jde surface and expose
t he al un1S#thtya}ée%?oééggg%ﬁl%g%f%%oﬁg\yé%5{ rgggéegcé%%?r?g%?he oxide is to "scrub"
the surface of the [:6le: W ' I - | Y t he
surface of the al um@%%%g%%@ s%dr}@r pﬂfeﬁoé] g%% It ea‘%;eeetro\;%e{cﬁfﬁjg%‘(}%eg’ Ilpd hﬁégﬁﬁy (I’?lgal‘
di r ect i onbdndpedt afsembendaxpadsien Sud capilitricaatd generally formed fromel cecmi¢ ¢
el ement placed within the ultrasonic horn.to ich the capiJlary |
2t ¢ ached MHRRA Bieipall ERGiRim ik dgrer iR ol Zsn e ER A B (A ono
pad, for ngumna @ukRaiked YRclaqATZh ald\@Bs ridi@iawi Neerpath whe, feaadiparithe brder of
capillary then handl es the wire during | qopi n(? snoot hly feeding the bond
wi re bot hatguonsmit gAd.pRSr 108 AT Yivers Bsee hroyeh AR B RapPET P Merhe
capi | | arychiigry %l MBma ﬁﬁltuetr%%m;emdme@ﬂd 8f the 35K, theball bethg disgfdediCoxtetthl of
Presently, thernosonic wre bondi ng}ol s the process of choice for the
i nt er conntéie eandteritips dhe indfindialiecs is tadondds balbtoraradrondhmisariaopaysies dBeies ades.
qhe ther TSP ol a BB AR ABR, e WARRS b Mall iaRERPIAGARL. WRRR, indBohdigfsh er of
ultrasonic energy fromthe transducer, attached to a novabl e bondhead,

't hr ough acyclso ke capiljaries ppiforimamgredhangad genctiom t he bal |l or wire bei ng wel ded
to the sem conducting device or supporting substrate. 15 In conventi onal
capi | | ari es (bondi ndfteoibeé b3l istforened cthereanilary mustifistiseniel the) balbprirtly witkiothe

*engi neer ed difv. energy. transfer t.he | L/ Wike . i r jon pad
i nterfaci %ﬁphfélfygg‘i’.r lbﬁdep %Hﬁgg%{ng'r S %’fafl#eg%nrdlengesﬁeﬁ ’ #ﬁ%lkfsibgﬁ&%égggg(g?%%m ned
t hat cont sepdiconfiudidralevicé.r Whentie capitlap uaicharthoballtdoemn on the bond pad, the ball will be

squashed and flatten out. As the bond pads are generally made from aluminum, a thin oxide

forms on the surface of the bond pad. In order to form a proper bond, it is preferable to break
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tool is crucial to controlling the bonding process and its perfornmance.
Conventi onal bonding tool design is deficient, however, because

convent i oM@lo2Bfondi ng tool design is based on interconn®§tIYEse2/pé17e¢h and
wi re bond | oop hei ght and does not consider controlling ultrasonic
attenuation. Fig. 1 is an illustration of a conventional bonding tool. As
shown in Fig. 1, bonding tool 100 has a gylindrical body portion 102 and a
tapered portion 104. An axial passage 108 extends fromthe end 110 to the
tip 106 of the bonding tool 100. A bondjng rf? fnot shown) . 25 ass es
through a%f amdﬁa‘érgaaaéndmm?ﬁae ﬁlH‘i“B‘tlﬁltfuff?i‘} 16 HSHV S Y Bhe 1%%43

subst r at e« AMP wdQAe of ORI thd Wirel tAYENRE Gi¥e ban $:041a68d bR ﬁle%ﬁﬂﬁ&fﬁf mel oned

"di sadvant ages of conventional bonding tools, the present invention relates
to a bondiwginusoxidernad thercepillary Japidly magey B lipeqtediterion basd Qi ePRNSRANd3Q
,attenuati frac 10\11\/0@ %?e/zg gfé&tng:%lemgntp %Ue&J%g Q@'ﬁgﬁ-ﬁﬂﬁ WA v ttﬁé’éapﬁﬁﬁpirs' Ses
a first cy r| Caf Pséction: havi n a substantially uniformfirst “didneter;
a secénd at;abherdd rTheahpid eotiomrin hdrl.tmcrmgo &edtiapplied édndughcbpbad pad, farmeanceifettivehe

first cyl |caI ctlon nd cylindrical section having a
substantlg‘?qup r?f&f-‘h%"i er | ess than the first dianeter; and a
third section haV|n a d tape a first end

section coupled to gh EEFHE‘ 'ﬁlF g“@%&&ﬁdg&ﬂrw&l(?o@gﬁg %?:(}ﬂﬁ&ﬁeeg}&gélberb(ﬁlng to
anot her afe®bth@ut 6ﬂtﬁe SdpABENind thereratk Bito the B&pilkeydTAE cdpiilaky henFuring &< stitck”i r st
cylindrical sectl on havi h’g a substantially uniformfirst diameter; a second
section hBRAdAgd a “fack'ser Al BMpl ed to a first end of the first cyI i ndri cal

section, the second cylindrical section having i) a djaneter substantially
equall®to the first BFG&Wé‘b’eWB‘P"S?IH%WFTFrbg’t‘dl%%/lslﬂi?oﬁfp‘i?é? ofcheics S thend ii) a
planar 10, rc%n@dtﬂﬂgﬁﬁmé&@ﬁo@eﬂ%s tb AfirQhp }?)r!u?gnﬁi)ﬂra 5. e 1Reaepdicsection;
and a third section having a predeterm ned taper first end of thethlrd
section cbtmdﬁledﬂowsma pemtiallyodepeivenicipon it tmylsfpmfrulmsbms e@qrgbﬁommt@ar@dwgr to
yet anoth D V, t i a
first secﬁagﬁedhtg nl’ll& télte g § aed'rs’lt(alH ét'fqhn‘l tgﬂf Cap ll ?ys?ro‘giwgn’g[to hew{erbg@%
section hwﬂa@to&h&ﬁenpdmﬂmtmgdemm sﬁppomﬂrg sabsmm@ at |least a porti on of a

|l ength of the first section; a second cylindrical section having a first
end asupl ed to an eidcaiverdtioralfcapildries ¢nding tocﬂsh,ethsgmmmtymflﬂierhdmdmgltoomsmbt on
havi ng a substa |aII uni f orm eco aet er _about t he f r st

di anet er; %ﬁ‘l‘&fe’§ ﬂeﬁé %‘E’fgyotf?nﬁ ntB B‘ﬂ‘ﬁ %?WWE‘&“ Pﬂg@}er}agalﬁr? }gnd of

the thi r dinyembison ﬂféw&bﬁdn\teﬁu@ 1506 astekntid tﬂzft cbiitfol B£ e Mtiragdtlic ftd!fliltﬁlah of the
section. 20 According to a further aspect of the present invention, the

bondi ng t 891 iscEgiAl feseantrglling fhetbopding prgegse and seRerfogMaNG&yi ng a substantial ly
uniformfirst dianmeter; and a second cylindrical section having a first end
coupl ed to an end ofCopyeatipya} bending) too] dlefigmis dsficientoipwey ¢fe becaBss FaTePlionalr i cal

sectifgn hgyide il d%s@ﬁl Q%%tdnalhtlebém&iﬁbtﬁdhrﬁ?ﬁcﬁ 8PP HorRIBSHReide 8% dRR Aot he
first diameter and 1) a planar area along at |east a portion of a |length

of the see@miesmm&mun@sm@temaﬁgnto one aspect of the present invention,
the bonding tool is formed froma unitary piece of material. According to
anot her aspect of t iég.grieseilustiatiornf ¢ eamventionpldesding toal. she shoym ip Figedupl ed

bet ween GOR0B56h b GioHl108_WA aial piisLaRE"

aspect of B?’h&m%r élsleﬁﬁﬁaé 9{:}’ n?ﬁ%atr]]g (Pﬁg) t'([i)aper eg 2@){31"30% ﬂgs a '3% Pu?t#?esrag

t aper ed s&08 éxyendafroanthead 110ao éeftip 106 of the bonding tool 100. A bonding wire (not shown)
25 passes through axial passage 108 and through tip 106 for eventual bonding on a substrate (not

shown).
SUMMARY OF THE INVENTION

To solve the aforementioned disadvantages of conventional bonding tools, the
present invention relates to a bonding tool that produces controlled direction and gain of tool

30 attenuation.



According to yet another aspect of the present invention, a positioning
guide is disposed at a second end of the first section of the bonding tool.
WO 02/ 0684010206844 CT/ US02/ 06170 These and ot her aspects ofPQIiiEsSoR/Maeanmt i on
are set forth belowwth reference to the drawi ngs and the description of
exenpl ary enbodi nents of the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS
The invention is best understood fromthg follow ng detailed description
when 5 read in connection with the acconpanying drawing. It is enphasized
that, according to conmon practice, the various features of glH)he drawi ng are

not to scale. Ont h@h"cbﬁﬂdr“értgpl coTARrisgs ArbiFY FYGrigA seqtign haymeny suopfally o5 ar e
arbitrari ﬁrﬁfoﬁﬁ@ﬁ&‘aﬁﬂw@r i ?ééb'&ﬁgrlﬁ&[capieéﬁdntﬁévmb AGisad chuplddns afl Bavefige ar e

‘the followmng Figures: Fig I's a side view of a conventional bondjng
t ool ; 10 fasteylindical section, lihﬁt &eemd@ﬁllltﬂ‘ﬂcﬁéﬁﬁloﬁ@a‘f%ﬁ substapiplly amifpahseceidhect to

,transduc eélﬁﬁagﬂ @%&rtg@ 8 firs? ﬁfaglgteg r@ it LHBN TR e AprétieRAREENE Réroﬁ’ First end

"accordi ng exe inment of the present invention, Figs.
4A- 4E5ar eofuthe thixd Seotior wsupddd taabendja')frtge seoond gytiodniad] segtiono a second exerrpl ary
enbodi nent of the present invention; 15 Fig. 5 is a graph plotting the

effect of ultrasoni aceneéingyo :imﬂleaasbenndfﬂngpteaexit imveniiung iheghooding teokeooappiseeray

enbodrnen of .t resent i.nvention. L ot.tin

ul t rasoni f%%ﬁﬂ@%ﬁ%&% PREAY ﬁtaqi?%ﬁ‘gr%v Fjrf,dt da%“%%hﬁ?‘ﬁﬁ’%{% ong}%mg ding to
an exenpl gfsyeRiddapled®d fidf edd e ther fasEtindrivuievatlican theEe@nd zymﬁmaal isection pavagh
plotting caprllary di spl acenent for a_ bondi ccord n

t
exenpl ar y@rfirseatersnbstaptiaisheqaupl te dhe first digmaar |°g%‘ tlg—;?tgcy glrjcal s.gﬁt?qn@qug} ¢ gﬁf‘%n

showigg the, hl@ﬁfﬁtﬁ@is?& b@r‘ﬂ%ﬁ“ bf’a Qﬁ%tﬁlﬂf fX edBhdsettifn e B%ﬁd)s‘é!:tldﬁlrhhnglﬂ
ul trasoni ¢ transducer; Figs. are illustrations of exenp

appr oac hepredeeroriiedriarenca first endenftiieahiyd sestien epypled & angndrf Hleaﬁchsrri wlasleﬁrl
transducer &15 Figs. 10A-10D and 11A-11E illustrate details of an
ul trasoni & {ransducer W th respect to mating the bonding tool of Figs.

9A-9F; Figs. 12A- 12&8?%@}% o¥e otﬁ/er% ct n{f R n@r EH i'ﬁgentu&? Jh%ﬁ&ﬁfng ]t_{r}%\ to a

third exenplary enb e pr 1 on; 13D are
various Vieiisrisef a girsbssedombavingal suasmmaniy mgforn fastfdunnmdtdn the fiest eﬂ:pbrahawmg a
embod nen%)lar?a]:r ptopt%n (rJIEr"x?e Eonlgnvﬁ:ast a portlon of a length of the first section; a second cylindrical

section having a first end coupled to an end of the first section, the second cylindrical section

having a substantially uniform second diameter about equal to the first diameter; and a third

section having a predetermined taper, a first end of the third section coupled to a second end of

the second cylindrical section.

20 According to a further aspect of the present invention, the bonding tool comprises
a first cylindrical section having a substantially uniform first diameter; and a second cylindrical
section having a first end coupled to an end of the first cylindrical section, the second cylindrical
section having i) a substantially uniform second diameter less than the first diameter and ii) a

planar area along at least a portion of a length of the second section.

25 According to one aspect of the present invention, the bonding tool is formed from

a unitary piece of material.

According to another aspect of the present invention, a transition section is

coupled between the first section and the second section.

According to a further aspect of the present invention, the tapered section has a

30 further tapered section at an end thereof.

According to yet another aspect of the present invention, a positioning guide is

disposed at a second end of the first section of the bonding tool.



W O 02/0681 a5 -5 DETAI LED DESCRI PTI ON PCT/ US02/ OGL70 The present invention
overcones the deficiencies of conventional capillary bonding tools by
varyi ng twie opeesd4di stribution along the I ength of the bon®CAFWYH6170 The
resul tant bonding tool requires less ultrasonic energy to forma bond on a
substrate when conpared to S conventional bonding tools. The direction of
the ultrasonic attenuation can be contrglled and nodified by an appropriate
design as discussed further herein. The design of ultrasonic bonding tools
may be acconplished by mat hematically descri bing the tion of the tqol
driven by an ul t r asB#ise and effesaspeets of é‘idﬁveatl%%? o l?rzgﬁ\‘ with pfergngsyo ﬁ‘e
canti | eveara»bg@m&ﬁu&? Eﬂ%wa%uoa{o?mwm ehiBddimdfs &Ohe hvédiok! ~ 2) a2x~z' t~ +

~ _-m{z) a2x

‘mz) ~2x~2' _ ) az2 az2 ate ate Wiere Eis the elastic
modul us, | is the nmoment QREMBESCRIPTIONOE PRETRSAWHNGEr i bution, z is the

.distance fromthe noving support, x is the displacenent normal to the beam

and xo descri bes thghemélﬂ n%fbe%t%déf?&cﬂﬁ’oﬁ'ﬂﬁ%fléwiné—éeta-in:% RQUBAS Yhen
conditions for Eq. are: (1) x(0, t) =xo0o ~e""W (2) ax(QOt) ~ 0 az (3
m(l, ) =re@d indcopnegti¢mwith the agcompanying drawing~1t in\amphasized that acdeedingietdomanpar
length V - is the shear. 20 2 -6 RCT/ 0,Fi .
illustrat %@Ct{cﬁ’etﬁ? ggrbogﬁgeea%g?s ogwgocﬁﬁil lﬁggf'%%f t°| Sﬁﬁ%c cc:) (H){?f?aﬂzzaéloglg % P fhﬁ %aﬁré{ofl%?\f (D).
As shown ihe vididss fehuréstare bebitehirifgexipamled de sddaded forearitantnchelee in the drawdFtare
represent% t.he bon ing.tool, 204 the notion xo of the transducer 202, and
206 the bBAKIYRESIEUFEsponse notion x(z,t). Since the mass and moment of
inertia are allowed_to_vary along.the beam. .t hese rameters nmay be 5 used
to design the conpofiet it dh? éﬁﬁj‘”&@%5?35"“"6‘?“0&315’8?\%%5’%@00I to produce a
desired bonding ultrasonic notion. As pentioned above, in conventional
desi gls, the noment Figf 2iinheHipsteptipn obbppding doghzrsponge ¥ith respeqt %tr?ﬂs‘ijr"ér mgion
controlled for the Eyrpose of ultrasonic_ attenuation, but strictly for

al | owi ng the requi r 88si H-dHaemyrsions wawhekabpnding togl pecopingto afgst SYePRAY. | n

t he exenplasodinkéht SFRQ P& inveltichhe Present invention, the cross sectional
shape and mass distribution axe specified to control ultrasonic attenuation

direction and/or gagfy MEra? vtaﬁig)%éxgébﬁ botnﬁ'ig%l?cfo‘i &&brdilg BQQE&%&%&&@MG

Area Monment of Inertrra |, an stribltion mare given. Table 1,
i s a sumrembasiment ofthp prasentitvantionor k associ ated with verification of this
concept . WD 02/ 0681:15 PCT/US02/06170 _7_ CapillaryD aneter 314 ( 10-3
i nch)i dt h Fig. 5 is a graph plotting the effect of ultrasonic energy for a bonding tool

according of an exemplary embodiment of the present invention;

Fig. 6 is a is a graph plotting ultrasonic energy versus resonant frequency for a

bonding tool according to an exemplary embodiment of the present invention;

Fig. 7 is a is a graph plotting capillary displacement for a bonding tool according

20 to an exemplary embodiment of the present invention,;

Fig. 8 is an illustration showing the interrelationship of an exemplary bonding tool

with an ultrasonic transducer;

Figs. 9A-9F are illustrations of exemplary approaches to orienting an exemplary

bonding tool within an ultrasonic transducer;

25 Figs. 10A-10D and 11A-11E illustrate details of an ultrasonic transducer with
respect to mating the bonding tool of Figs. 9A-9F;

Figs. 12A-12C are various views of a bonding tool according to a third exemplary

embodiment of the present invention; and

Figs. 13A-13D are various views of a bonding tool according to a fourth

30 exemplary embodiment of the present invention.



( 10-3 inch)Height ( 10-3 inch)A 116.0 (0.406 nm) 17.2 (0. 437m) 165. 6
(4.206mm) A214. 7 (0.373m) 17. 0 (0. 431mm) 174. 3 (4. 427mm) A313. 7 (0. 348mm) 17. 8
(0. 452MmWed2/B6814s 656m) HL16. 0 (0. 406nmm) 17. 2 ( 0. 437mm) 184 PAT(UBOSB@TN) H216. 5
(0.419mm) 17. 4 (0. 442nm) 151. 4 (3. 845mm) H316. 6 (0. 422mm) 16. 4 (0. 417nm) 140. 7
(3.573m WL15. 9 (0. 404nm) 13. 6 (0. 345m) 161.8 (4. 110nm) W215.9 (0. 404nm) 19. 3
(0.490nM) 164. 6 (4.181nmm) D111.4 (0.289mmysL7. 4 (0. 442nm) 165. 4 (4. 201nm) D28. 2
(0.208Mm) 16. 9 (0. 429mm) 165. 7 (4. 209nm) HID211.5 (0.292nm) 17.1 (0. 434mm) 181. 9

(4.620mm) H2D28. 2 (0.208mM) 15. 6 805m) TABLE 1 Figs. 3A-3G
are various views of a caprIIaH@856ﬁ3$nb£§§Bﬁqé§ ordrng to a first

exenpl ary embodi ment of the present invention. and 3D are a side
"view and 5 per spectT@eePf%eEWnV"r"é‘Q‘b%Y?E‘i%F Jhe ddf-lc‘&“%r?d FW@'CP‘E%‘FI %PB2ccor di ng
toafir Sﬁon@?ﬁgm YvaBTho the MRS ditfibhiddn aanﬁ%ﬂerlEngﬂUHﬁtﬂé b&Hing¥50IS MMResufarti J.
.3A, bondi ng tool db has™ an upper cylindrical body portion 302, a |ower

cyl i ndri cednding dsp! praniresdass3dimasorie eneaZyctlo iPEnn bensiRp Z}JWBW%WB@WOREP@B& ed

bet ween t c i cal
oy por t1-vetBRH bk he BAEORGE A e RAADECAURoEUIRE

t ransi t i omodifietbby3dn2appepriate desigd sdlishapdfurtheehetéini nvention is not so

limted, however, in that transition area 312 may have ot her shapes, such
as curved s hape 312Fhesdesign of nitdsogic iding mobsrrdayrbet anccma;ilrshai by raathempticly
transfer ner acr os 6814 PCT/ US02/.0 170 ransition .area

312, howe ? Tbing §’°B?’b?é¢‘%51\/\g“t“ﬁ5t Yer g e S e r"i‘oSP' Ll FeRreE Rt

edge sucrhny agantliaaéweﬁyhra@drmdnre uakib@(19i tion area 312 consisted of nerely a
"step down" between upper cylindrical body portion 302 and | ower

cylingricpd. pody portion 304. In the exenplary enmbodi ment, the overal

| ength 301 of bonding tool 300 is 5 between about 0.300 and 0.600 in. (7.62
and 15.748 nmm and preferably about 0.437 in. (11.0 mm). The upper
cylindrical portion 302 has a dianeter 308 of between about 0.0625 and

0.0866 in. \pl 5875 nn) and fe ny about~0. é} 5in. (1.59 nm.

The | ower @ Igg‘g&ﬁ ﬁﬂ) E ZﬁgEhé %14 )of bet ween about
0.0342 an 86 68 1 Z5 nﬁ) egi at a position 328
bet ween a t LO. 020 a 0.249 in. and 7.0866 10 fromthe end 332

of bonding tool 300. In a preferred enbodinent of the present invention
di aneter 314 is about 0.0342 in. (0.868 mm. The angle 313 of transition

area 312 wherlidttheddastit thoddiBs, 1Ss the FREAchOsAhertid, R ivthewasf diihidiono isaed  300.
As shown in Fig. 3B, axial passage 320 extends fromthe end 322 t end 332

of bondi n§isierssiitonpilie Maying suPROKte it e displassentaasmal tg fhe heap aad Xedesortgs igs 5

substantrg%halagﬂ;ﬁﬁﬁay g,&,@,@_ered shape having a 15 predeterm ned angl e 326
of between about and and preferably between about 2 and 3 . The

i nvengi OnThébdﬁﬁﬁ §Qodd1tmn5 E‘QE Qeurver, and it is contenplated that the axial
passage 320 ave a substantially constant dianmeter or tapered over only
a portion of the | engt h of bonding tool 300. The latter may be desired in
order to facilitate wire insertion at the upper end 322 of bonding tool
300. Ex%gplgé)ﬁf §quwalternate axi al passages are illustrated in Figs. 3F
and 3G howh G n Fig. 3F, axial passage 320 has a substantially
constan dﬂhwﬁt@r 30 along a significant portion the Iength of bonding
t ool Ina G axial passage 320 has a substantially constant
drarreter(3 Fiogp a significant portion of the length of bonding tool 300,
and has 3 42 adj acent the end 322 of bonding tool 300. In order to
narntar ﬁ 9%_8? r@gﬁgrity of bonding tool 300, the distance between 25
axi al dz adgquedr wall 327 nust be considered during design of
bondi ng tooI 300. The inventors refer to this distance as the "M ni num Wl
*Thi ckness™ (NMW) 324. Referring nowto Fig. 3H, an enlarged cross section
of bondingﬂk 300 is shown detailing MM 324. In a preferred enbodi nent,
the MAT 3 of bonding tool 300 is between about 0.0004 - 0.01625 in. (0.01
‘'mm - 0. 40 gto Fig. 3C, a detailed cross sectional view of
coni cal beggag%EQP@%EBE@h?s shown. In Fig. 3C, tip 310 extends fromthe
| oner endyof;;gRMezal body portion 306. In the

20



exenpl ary enbodi nrent, the outer angle 318 of tip 310 is between about 5 and
20 about preferably 10, while the outer angle 316 of conical body portion
306 is bewvasemetout 17 and WO 02/0681lab -9 PCT/ US02/ 06 PLO/AKD2/06178s such,
transition section 334 is used to transition between conical body portion
306 and tip 310. As shown in Fig. 3C, the angle of axial passage 320
remai ns substantially constant thorough 4he Iength of conical body portion
306 and a nmajority of the length of tip 310. At the lower portion of tip
310, however, the angle of axial passage 320, with respect to the,

| ongi t udi nal axis, Hen?duskaies e respRase Olor bendimg deR) i aecprdangsgvifh fayation (1),

_substant i g4 inbwhih i?@{.) ) Hr BORAiY 1oBPR3i@H ahe Shtilchérasaih 200 Sepr&ERS HdDondihg fobP
310. As nentioned above, materials used to formca ary bondln% tool s
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and/ of noised toodesige thef composition ad'dhapat eff 4 bdnding Rerfl o prioderetagiefiragdhonding 4E a
second ex§F§Jgr¥(&£bodinent of the present invention is shown. Figs. 4A and
4E are a Q7" W%nd a perspective view, respectively, of a bonding tool
400 according to the second.exenpl ary enbodi nent of the present invention.
A shown i n B o 4ARs BB SRGB DEOU AT R Ee ROPFHEE T B8 Shor ¢ 1 on
402, a | omess dixeehatid® npare hbtwandélied fanble purfedio€ alirabmityataratibd bud&ifictiy’fonot abl e
di fference between the first and second exenpl ary enbodi nents i s that | ower
body por t 319iyingohe Frauires mfesgonpgstion Bifek and wire boud l9gp height; In thesemMpIardt her on
oppospt e &hdafinddt of A¥BesQR thveRPh! 10 Rradékctid dHafe AMGHRL BlsiibRAROHE gﬂ%@ffiedt he
di stance 414 between planar portion 403 and 405 i s between about 0.0345 and
0. 0625 i nfocconig@lrasemic atiegeation digpctiongad/Aegain0 difference is that |ower body
portion 404 has a dianeter substantially the sane as di aneter 408 of upper
body portion 402. | bevarahexsmplased thereifioctiofengineering thdiAgpeMementfof dipstia bwed body

portion 404} : - DOt L.on. Q. 155, -
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r el at i onsverificitenwd éhis pdneepr portions 403, 405 and di aneter 408 of | ower
body portion 404. 25 Fig. 4B is a sectional side view of bonding tool 400.
As shown in Fig. 4B, axial passage 420 extends fromthe end 422 to end 432
of bonding tool 400. In the exenplary enbodi nent, axial passage 420 has a
substantially continuous tapered shape having a predeterm ned angle 426
(shown in detail in Fig. 4D) of between about 2 and 5 and preferably

bet ween about 2 and 3 . The invention is not so limted, however, and it
is contenplated that 30 the axial passage 420 nmay have a substantially
constant dianeter or tapered over only a portion of the |ength of bonding
tool 400 simlar to the first exenplary enbodinent. Simlar to the first
exenpl ary enbodi ment, transition areas 412, 413 are used to transition from
t he upper cylindrical body portion 402 to the |ower body portion 404 in the
area of the planar portions 403, 405, WO 02/0G81.5 -10 PCT/ US02/ OGL70
respectively. Although the transition areas 412, 413 are shown in Fig. 4B
to have a bevel ed shape (a planar flat surface), the inventors contenpl ate
that a non-planar surface, such as a curved surface simlar to that shown
in Fig. 3D, may be used. The inventors have found that by having a
non-symetri cal shape, the bonding tool according to the second exenplary
enbodi nent has a different stiffness along the x-axis when conpared to the
stiffness along the y-axis. This difference may be controlled by varying
the length and/or wi dth of planar portions 403, 405. As understood by those
skilled in the art, the width of planar portions 403, 405 is directly
‘related to the distance 414 between planar portions 403, 405. That is, the
greater the width of planar portions 403, 405, the smaller the distance 414
10 between them 1In all other respects, the second exenplary enbodi nent is
'simlar to the second exenplary enbodi nent. Referring to Fig. 5, graph 500
is illustrated. In Fig. 5 graph 500 plots the effect of the reduced nass
of | ower body portion 304, 404 upon the displacenent 206 (shown in Fig. 2)
15 of the bonding tool 300, 400 due to the inposition of an ultrasonic wave
al ong the length of the bonding tool 300, 400, fromthe transducer nount
(not shown) to the free bonding end (tip 310,
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TABLE 1

Figs. 3A-3G are various views of a capillary bonding tool according to a first

exemplary embodiment of the present invention. Figs. 3A and 3D are a side view and

perspective view, respectively, of a bonding tool 300 according to a first exemplary embodiment

of the present invention. As shown in Fig, 3A, bonding tool 300 has an upper cylindrical body

portion 302, a lower cylindrical body portion 304, and a conical body portion 306. Disposed

between the upper cylindrical body portion 302 and the lower cylindrical body portion 304 is

transition area 312. In this exemplary embodiment, transition area 312 has a beveled shape. The

invention is not so limited, however, in that transition area 312 may have other shapes, such as

curved shape 312A shown in Fig. 3E. In order to maintain a smooth transfer of energy across



WO 02/ 0OG81:t5 -12 PCT/US02/ 06170 Table 3 is a conpilation of data
i1lustrating the superior pull resistance of bonds forned by bonding tools
accor di ngvo@20é8r49r esent i nvention as conpared to a convemrcrarsat/odendi ng
tool. CapillaryPull X (gr)Pull Y (gr)Pull Avg. (gr)USG (mA)Tinme (rns)Force
(gr) Reference (conventi onal

design)7.157.087. 11655120160WB7. 247. 047.g14356100160W8- 17. 007. 127. 0635610016
OWB- 27. 337. 237. 28356100160W8- 37. 817. 367. 58356100160V@-47 157. 257. 2035610016
OWB-57. 287. 167. 22356100 TABLE. 3 5 Fi g i's.an |IIu§tr tion sho
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.transducej, %troﬁﬁceﬁ ROPhsHiBn Gted 3§2 c&n@i@t@& BOmERH! a G4, dotO beivebd e iE ed into
orifice 804 of ultrasonic transducer 800. The bondlng t ool 400, descri bed
above wi tdylindricpklady portion 302 endblowreessdingrical Yody poesion3ht , has directi onal
.qualities due to the placenment of planar areas 403, 405 in |ower body 10
por';] i on I404 As a rlaghé cxemplarymybmnm@&? otsiradl lﬁngtbﬁ@lembob@ﬁﬁtmbmodél 400
withip ultrason . 0 t [ ner
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t 0 ensur emm).offae ugper eyltnatiéab portien 8012 MSaaBametérdO&bﬁbetwwntdbeutlﬂcﬁﬁdﬁ agd @@666 400

that mates | ar cator_on. th
appr oache$" %%)@B‘?ggh “ﬁf?r?f%tﬁlél?'élm%s 0:&#: EPQ%@L%E%%%Z%%] |t:Ii&%a{;p:)to
Figs. 9A- &ﬁ? pBARABLAKY ABRh&ACHADS betved! dtﬁﬂtIO (IngbﬁﬂldIOGQS tnom 86888 awd t hi n
ul trasoni c transducer 800 (shown in Fig.

| ocat i ng }.P&1S ompansy '?féé‘ﬁ ab3 BOFYIoR 328 BWFGWPFH (b??ooafnd 190738 |“i‘19(5 togép‘?lt%gq s
sho 'bs o8 4009 1h b pref éAQn%%é%ﬁtlofttﬁe ti
PCT)AIB%O qu%mﬂg%eﬁ ace Fd(;}ﬁ% gltn3 upgié?%peo?rtrl on of l bondi ngpr%%gtl m‘félom?s
shown. Thdiadbetere3 idds aucat 0.084% ior (0e868ammunThe aglgl3d3 pf whnskionatgadd? is aboutf9°

| ongi tudi nal axis of bonding tool 400. In Fig. 9C, a |ocati ng keyway 904
pl aced al ong an uppEig. PBiit a ectiafl fidardéwgf banding tool 300. As shown in Fig. 3B, axial

passage 320 extends from the end 322 to end 332 of bonding tool 300. In the exemplary
embodiment, axial passage 320 has a substantially continuous tapered shape having a

15 predetermined angle 326 of between about 2° and 5° and preferably between about 2° and 3°.
The invention is not so limited, however, and it is contemplated that the axial passage 320 may
have a substantially constant diameter or tapered over only a portion of the length of bonding tool
300. The latter may be desired in order to facilitate wire insertion at the upper end 322 of
bonding tool 300. Examples of such alternate axial passages are illustrated in Figs. 3F and 3G.

20 As shown in Fig. 3F, axial passage 320 has a substantially constant diameter 330 along a
significant portion the length of bonding tool 300. In Fig. 3G, axial passage 320 has a
substantially constant diameter 340 along a significant portion of the length of bonding tool 300,

and has a taper 342 adjacent the end 322 of bonding tool 300.

In order to maintain structural integrity of bonding tool 300, the distance between
25 axial passage 320 and outer wall 327 must be considered during design of bonding tool 300. The
inventors refer to this distance as the “Minimum Wall Thickness” (MWT) 324. Referring now to
Fig. 3H, an enlarged cross section of bonding tool 300 is shown detailing MWT 324. Ina
preferred embodiment, the MWT 324 of bonding tool 300 is between about 0.0004 - 0.01625 in.
(0.01 mm - 0.40 mmy).

30 Referring to Fig. 3C, a detailed cross sectional view of conical body portion 306
is shown. In Fig. 3C, tip 310 extends from the lower end of conical body portion 306. In the
exemplary embodiment, the outer angle 318 of tip 310 is between about 5° and 20° about

preferably 10°, while the outer angle 316 of conical body portion 306 is between about 17° and



400 is shown. In the exenplary enbodi nent, keyway 904 has a uniform depth
orthogonal to the 5 longitudinal axis. The invention is not so limted,

however, wad2es81sghown in Figs. 9D 9F, the keyway nay have PETHS02D@A0 shape
such as keyway 90b, a curved or elliptical shape 908, or a notched shape
910. Wth respect to the aforenentioned orienting approaches, the | ocator
(900, 902, 904, 906, etc.) may be placed.either along the sane pl ane as

pl anar portions 403, 405 or orthogonal thereto, depending on the specific
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25 simlar to the first and second exenpl ary enbodi nents. Al though the

i nvention has been described with reference to exenplary enbodi nents, it is
not |im tvedoz/beSn€® 0. Rat her, the appended clai ns shoul d b@CTFAre/pLIEd t o

i ncl ude other variants and enbodi nents of the invention which nay be nade
by those skilled in the art without departing fromthe true spirit and
scope of the present invention. WO 020068145 -15 What is O ai ned:

PCT/ US02/ OGL70 * 1 1. A bonding tool for bonding a fine wire to a

subst ga;efgfpgg@g "8l oggﬁ AR lrafoi QI RELs %é@%lsir@shoghgﬁ EEYUb g&ﬁavg%'b S8& i on

unrformtirs "amet rlcal
section hehwpen@ planhd fls sudand), cmmp{rmtbrs mnaammndthm‘a nduepldriar sﬂrfa@e,cs;abh axchr ¢ureed
"section, the secgnd cylindri.c ctio aving a substantially uniform
second di SFBfEHM rltg tff}?é{"r‘?"i‘%l,g %ﬁ,g{a}'g‘% f8ter: and 7 a third sectl on

‘having a first predetermned, taper, st. end of the . third sec n 8
coupled to a second%éen‘&v?ﬂtorf H%VG§8Wﬁ€at59¥ﬁ1FWEﬁ?E% Sy%%‘?“f“&?ﬂ shape, Z’E Mgondi ng
t ool accopgl #eortifg & i Frcbnd BASRIrD efnb&lithédt Bhs DdiEERhedtneR dlodg HRpesixihas an
angl e of between about 17 and 31 . 1 3. The bonding tool according to

claim1, whearcompared o thy stiffress dlers thed-2piss Téllszhﬁf‘ﬁ?ftcﬁ&aytbﬁﬁé’i“é(ﬁleg QXFWWghaw ng
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cylindric S°1§S§df ﬁﬂﬂa‘ie € tt(’f;h%Fo 8’3? é% § %I?'asf és plp e%dfgr ?van g%gﬁﬁ, ity
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di stance is, pet 279.in .08 .and_.7.0866 nm. 1
o e iR gL T et sttt 120 G et SHiaRonth Sret AT SN FGLEBRIT | o >
formed frgigwa adnbde?s02. Mh AeSrekentTBienfibe the rikasl%f loazeb&my pwldncmu d0aris hginidng a
fine wire to a substrate, the bondi ng tool rr%lﬁlsm rst

cyl i ndri ciplasedhs rode ﬁéWnggéO@&BQ,t‘&Htar 292 yTlli’riP‘f have gf‘teﬂ’i“&‘ﬂje"h%tr"‘flluﬂm‘&
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of the present invention.

In Fig. 6, graph 600 plots ultrasonic energy vs. frequency of resonance for a
fixed tool tip displacement. In Fig. 6, resonance points 602-624 are shown and plotted as curve
626. As illustrated in Fig. 6, the point 624 represents the conventional reference tool and
30 indicates a significantly higher energy requirement when compared to the tools according to the
present invention (shown as points 602-622). Graph 600 illustrates that adjusting the mass of
bonding tool 300, 400 in the lower body portion 304, 404 reduces the energy requirement

significantly.
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wherein the bonding tool is fornmed froma unitary piece of material. 28. A
bondi ng tool for bonding a fine wire to a substrate, the bonding tool a
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dianeter; and 8 a third_ section havin redetermned tagper, a first end
of the third sectiohdde é&?p?‘%‘&?‘lﬁ%o%fé@glﬂg“éw *fs‘ipﬁréorspélﬁtfﬁ%‘dt%?f’ RS al
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ClHCCCC() ) ** ++++++The bdading 1661l 0] WstvitEl abot¥]vwim] esgkerad ar\épeond exemplary

embodiment, has directional qualities due to the placement of planar areas 403, 405 in lower body

10 portion 404. As a result, it may be desirable to orient bonding tool 400 within ultrasonic
transducer 800 in order to direct more ultrasonic energy along one axis, versus the orthogonal
axis, in an efficient manner. One way to ensure proper orientation is to place a locator on the
bonding tool 400 that mates with a similar locator on the ultrasonic transducer. Exemplary

approaches are explained with reference to Figs. 9A-9F.

15 Referring to Figs. 9A-9F, exemplary approaches for orienting bonding tool 400
within ultrasonic transducer 800 (shown in Fig. 8) are shown. In Fig. 9A, a locating flat 900

placed along an upper portion of bonding tool 400 is shown. In Fig. 9B, a beveled locating flat



Vlc *aV]c a V]c "aV]c a V]c "a]Jc a]c

Na] ca] ca]ca]caU ca]ca]caU] ca]calcalcalcalcalcalcalcalcaljcaljca--'-+-.-X-e---
---(/11?MA22/0824810555C66\ 778, 808{ vgl gb\ Wrhc”Y] cal] ca] ca] PETABPZOq1E&] ca] ca]
ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca]ca]caV]calc aV]ca

V] cMaV] ca 08?888B999H:. U; ; <e<==>>07

@Ha@d AB$By BBCCCCCDEEE| wr mhc”Y] ] ca] ca] ca]ga] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] c
ﬁkca] cg]Rgza] %g}?gg]sgﬁlrﬁa]\l\cl\;ﬂ ca] (r:rﬁ] ca] ca] ca] ca] ca] ca] ca] ca! E*"FFGGG HHHI oKKKHVN

NOO4 W, c" ca cal.cal.ca cal calcalcal ca

ca] ca] ca] CARAFEYC &4 WEFL ‘]rE%F] Q&%@%@c‘gf@"ca lle] lieéféf‘ih?t 5&%\?’9]YYY]Y
JFZZF(\ ]\ \angle y with respect to the long1tud1na1 axis of bonding tool 400.

Ipl12"Dc_n_ | ="K aaaWbh{vql gb] X]] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca
]eg 21619 ﬂ )‘i ﬂ ca] ca] cal fo8iE 24 € al oeding ke 98 pRt&ElGR] mappé forbdnat YokiidceePddd4

ggh8i qi i @005 sifownnrio dhs) wmbmrl}qwm}e@h]kewa%ﬁ%élP%a]l@ﬁqf@ai]eéﬁl]%@P&@PU&]%] ca]

ca] cal ca] . 2 cd |1V t xt
R e R G R o e
f %fglbi:% kyjvep g hav] eftae]velarl si?g.]»: gicha} k&ywam 90 @.] mrwd]mallmaqcad alhapc 0% @rp~~, 78q5
calc

a] ca] caU] ’Lﬁ%g%f%g@ gﬂt‘ %’5 t(f%?%é’ﬂi @8’%“1@%{'&; P}’foﬁ tf‘ ] a,})lc(g})@:} EZ}E
a] ca] caU] 9] 964/908] @&} eny %abﬁaéd@hﬁadl&@]tﬂe’ﬂdaﬁﬁ]pﬂ‘@]s aabmw]pm]m]tmpoabc al] ca]
1054 () iRt (proc opeaing o hp pEofs P SEMITETER OV S Y RS

10%¢ ()efh&Qr{gy%e(y)bel ﬁlés&r{ﬁéa o) mdAWESaikekridnt 092 & () - L10% & () - KME7" 109%22& (
) -zsy5F10% &' ( 0% & ()-s& 10%& ()- y"10%& ()- f1l0%& ()-; <=>? NR

bC' 109%& -710¢9 0
SKesaBho e () 1B ﬁﬂrgé@% Ei: 102408 e A0l o AAHRGH radscided B0 Jespit

f (1)00/;{&( § ) le matngdvith)the bamkg (9ol )(Shbl@d EbBigeao@nd(9B) ronillugtiated) (9gs. (§A gnd 10B
Tovi () - &TORE IBER EP RPN YioY- mssiel) of BTGRP R GIBIECTS S () -

LI 109%& ( 300t yRdHidxC30A and 10B orifice 1000 is formed in ultrasomc transducer 800 having a flat

0 0 - 1 1 1
igéﬁ %) 1&%&%@5802'%‘ (r)n#; eov(://%l lQ:atmg %lg%%o((ghown (i{“gé g)\}ftﬂig ty% ;gr})f)gigryc;t{egt(t}gl 0% ()-L
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f 8 10%& ( ) J@F;m)e/&at(pprtxpnlld@@o( gnfgzg 1 S(fqrmed at a similar angle v to that of beveled flat
20 902. Fig. 10D is a perspective view of the end portion of ultrasonic transducer 800 showing

orifice 1000, 1004.

Similarly, Figs. 11A-11E illustrate orifice 1100 in ultrasonic transducer 800
having a protruding portion 1102, 1104, 1106 so as to mate with appropriate locating keyway
904, 906, 908, 910 (shown in Figs. 9C-9F). Although not shown in these figures, it is
25 understood that protrusion 1102 may be formed at an angle to mate with beveled keyway 906
(shown in Fig. 9D). Although not specifically illustrated, it is understood that keyways 908, 910
may also be formed at an angle relative to the longitudinal direction of the bonding tool. As such,
protrusions 1104, 1106, respectively, may also be formed at an appropriate angle to mate with

these beveled keyways.

30 A third exemplary embodiment of the present invention is shown in Figs. 12A-
12C. Fig. 12A is a cross sectional side view of bonding tool 1200 according to the third
exemplary embodiment of the present invention. As shown in Fig. 12A, bonding tool 1200 has

an upper body portion 1202, a lower cylindrical body portion 1204, and a conical body portion
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'+ 10% () - g;;i)gs%telt% Ilalg'rgx)'/%lm(t)on 1s"a>t/ lelast 0. & 1@(1 %7 mm). As mentioned above, in the first
exemplary embodiment, the MWT (shown in Fig. 3H for example) between the planar portion
1203 and the inside wall of axial passage 1220 must be maintained for tool integrity. In all other

10 respects this embodiment is similar to the first and second exemplary embodiments.

A fourth exemplary embodiment of the present invention is shown in Figs. 13A-
13D. Fig. 13A is a cross sectional side view of bonding tool 1300 according to the fourth
exemplary embodiment of the present invention. As shown in Fig. 13A, bonding tool 1300 has
an upper cylindrical portion 1302, a lower body portion 1304, and a conical body portion 1306.

15 Along a length of lower body portion 1302 is planar area 1303, 1305. The fourth exemplary
embodiment is a combination of the first and second exemplary embodiments. In this
embodiment, lower body portion and planar area 1303, 1305 change the mass and the moment of

inertia of bonding tool 1300 thereby affecting the attenuation of bonding tool 1300.

Fig. 13B is a cross-sectional side view of bonding tool 1300 illustrating orifice
20 1320. Fig. 13C is a plan view of bonding tool 1300 illustrating the relation between upper
cylindrical portion 1302, lower body portion 1304 and planar areas 1303, 1305, and Fig. 13D is a
perspective view of bonding tool 1300, As mentioned above, in the first exemplary embodiment,
the MWT (shown in Fig. 3H for example) between the planar portion 1303 and the inside wall of
axial passage 1320 must be maintained for tool integrity. In all'other respects this embodiment is

25 similar to the first and second exemplary embodiments.

Although the invention has been described with reference to exemplary
embodiments, it is not limited thereto. Rather, the appended claims should be construed to
include other variants and embodiments of the invention which may be made by those skilled in

the art without departing from the true spirit and scope of the present invention.
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1 1. A bonding tool for bonding a fine wire to a substrate, the bonding tool

2 comprising:
3 a first cylindrical section having a substantially uniform first diameter;

4 a second cylindrical section having a first end coupled to an end of the first
5 cylindrical section, the second cylindrical section having a substantially uniform second diameter

6 less than the first diameter; and

7 a third section having a first predetermined taper, a first end of the third section

8 coupled to a second end of the second cylindrical section.

1 2. The bonding tool according to claim 1, wherein the first predetermined

2 taper has an angle of between about 17° and 31°.

1 3. The bonding tool according to claim 1, wherein the tapered section has a
2 further tapered section having a second predetermined taper, the further tapered section coupled

3 to the third section at a second end thereof.

1 4. The bonding tool according to claim 3, wherein the first predetermined

2 taper has an angle of about 20° and the second predetermined taper has an angle of about 10°.

1 5. The bonding tool according to claim 1, further comprising an axial
2 passage extending along a longitudinal axis of the bonding tool from a first end of the bonding

3 tool to a second end of the bonding tool.

1 6. The bonding tool according to claim 5, wherein the axial passage has a
2 first diameter at a first end of the first cylindrical section and a second diameter at a tip of the first

3 tapered section, the first diameter greater than the second diameter.

1 7. The bonding tool according to claim 1, further comprising a transition

2 section coupled between the first cylindrical section and the cylindrical second section.

1 3. The bonding tool according to claim 7, wherein the transition section is

2 one of a tapered section and a curved section.

1 9. The bonding tool according to claim 1, wherein the bonding tool is
2 formed from at least one of the group consisting of aluminum oxide, silicon nitride, silicon

3 carbide, tungsten carbide, ruby, ceramic and zirconium oxide.
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2 taper has an angle of between about 17° and 31°.

1 18. The bonding tool according to claim 13, wherein the tapered section has a
2 further tapered section having a second predetermined taper, the further tapered section coupled

3 to the third section at a second end thereof.

1 19. The bonding tool according to claim 18, wherein the first predetermined

2 taper has an angle of about 20° and the second predetermined taper has an angle of about 10°.
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3 tool to a second end of the bonding tool.

1 21. The bonding tool according to claim 20, wherein the axial passage has a
2 first diameter at a first end of the first cylindrical section and a second diameter at a tip of the

3 tapered section, the first diameter greater than the second diameter.

1 22. The bonding tool according to claim 13, wherein the first end of the

2 second section is at a predetermined distance from an end of the bonding tool.

1 23. The bonding tool according to claim 22, wherein the distance is between

2 about 0.200 and 0.279 inches (5.08 and 7.0866 mm).

1 24. The bonding too! according to claim 13, wherein the bonding tool is

2 formed from a unitary piece of material.

1 25. A bonding tool for use with a transducer, the bonding tool comprising:

2 a first cylindrical section having a substantially uniform first diameter;

3 a second section having a first end coupled to a second end of the first cylindrical
4 section, the second cylindrical section having i) a diameter substantially equal to the first diameter
5 of the first cylindrical section and ii) a planar area along at least a portion of a length of the

6 second section;

7 a third section having a predetermined taper, a first end of the third section

8 coupled to a second end of the second section; and

9 a guide disposed at a first end of the first cylindrical section, wherein the guide

10 positions the bonding tool within the transducer.

1 26. The bonding tool according to claim 25, wherein the guide is one of a

2 planar portion and an orifice formed along an upper portion of the first cylindrical section.

1 27. A bonding tool for bonding a fine wire to a substrate, the bonding tool

2 comprising:
3 a first cylindrical section having a substantially uniform first diameter;

4 a transition section coupled to the first cylindrical section at a first end thereof;
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2 comprising:
3 a first section having a substantially uniform first diameter, the first section

4 having a planar portion formed along at least a portion of a length of the first section,;

5 a second cylindrical section having a first end coupled to an end of the first
6 section, the second cylindrical section having a substantially uniform second diameter about equal

7 to the first diameter; and

8 a third section having a predetermined taper, a first end of the third section

9 coupled to a second end of the second cylindrical section.

1 29, A bonding tool for bonding a fine wire to a substrate, the bonding tool
2 comprising:
3 a first section having a substantially uniform first diameter, the first section

4 having a planar portion formed along a portion of a length of the first section; and

5 a conical section having a predetermined taper, an end of the conical section

6 coupled-to an end of the second cylindrical section.

1 30. A bonding tool according to claim 29, wherein the first end of the conical

2 section has a diameter substantially equal to the first diameter.

1 31. A bonding tool for bonding a fine wire to a substrate, the bonding tool

2 comprising:

3 a first cylindrical section having a substantially uniform first diameter; and

4 a second cylindrical section having a first end coupled to an end of the first

5 cylindrical section, the second cylindrical section having i) a substantially uniform second

6  diameter less than the first diameter and ii) a planar area along at least a portion of a length of the
7 second section.
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