BONDING TOOL WITH IMPROVED WORKING FACE FIELD OF THE INVENTION [0001]The present
invention relates to wire bonding systems and, more particularly, to improved bonding tools for wire
bonding machines. BACKGROUND OF THE INVENTION [0002]In the processing and packaging of
semlconduct&%é({%é@‘iw ire bonding continues to be the primary method of BVl Eectrical
interconnection between two locations within a package (e.g., between a die pad of a semiconductor
die and a lead of a leadframe). More specifically, using a wire bonder (also known as a wire bonding
machine) wire loops are formed between respective locations to be electrically interconnected.
[0003]An exemplary conventional wire bonding sequence utilizing ball bonding includes: (1) forming a
free air ball on an end of a wire extending from a bonding tool; (2) forming a first bond on a die pad of
a semiconductor die using the free air ball; (3) extending a length of wire in a desired shape between
the die pad and a lead of a leadframe; (4) stitch bonding the wire to the lead of the leadframe (forming
a second bond); and (5) severing the wire. In forming the bonds between (a) the ends of the wire loop

and (b) the bond site (e.g., a d|e ad, a lead, etc.) varyin ypes of bonding energy may be used
including, for example, ﬁﬂ‘ Jl%?é;)”tﬁ'@?rﬁ%p&ﬂ& WO RET S thEAEBCcOompressive energy,

amongst others. As is known to those skilled in the art, this sequence is exemplary in nature, and the
order may be changed in a given application (e.g., the first bond may be formed on the substrate, etc.).
[0004]Each of the following U.S. patents relates to the field of bonding tools for wire bonding
machines: U.S. Patent No. 7,004,369 ErtRIed TEAMENIPNContained Inner Chamfer”; U.S. Patent
No. 6,966,480 entitled "Concave Face Wire Bond Capillary and Method"; U.S. Patent No. 6,439,450
entitled "C¥HEEVe Fades\firesBonid @apitarylates $o RitehbMnSs/5R:164 Zaftiteck"Concave Face Wire

Bond Cap#layitail: SoRaeatdiossnddd, &isantited Koanilanniehaddire Bonding Apparatus”; U.S.
- Patent No. 5,871,141 WO 2009/148450PCT/US2008/065878 2 entitled "Fine Pitch Bonding Tool for

Constrained Bonding"; U.S. PateahNRsR«AS:261 RititgdeYigBonding Capillary”; U.S. Patent No.
5,421,503 entitled 'Fine Pitch Capillary Bonding Tool"; and U.S. Patent No. 4,911,350 entitled

‘Semiconghioy Bondm%\éqﬁaée'gﬁvmaw@egﬁwg%g RllanG! Ongt!é%gb%i,ygﬁgéhe same.

[0005]FIG. 1A is an illustration of a well-known prior art fine p e g a capillary

bonding fSSHH%%nt&H@ ’i?)%f’i'@??mdf‘u?fagdc?;lHWY&%[PB&‘ESH'&@Z“?%%@F@&CBBFHB?M@%"a%j&cent |
cylindricargssienrsnvithn arig sogkile. gip 196-ertjacdist the el sehtapeded:podiantittidadssage 108

extends fomasaparend m&tepwtsmg,tmg@ o Ropshiag-eakd RAoRRssa0RiADSisueanfigured to
receive %gg}gm)o&,%r%gigg usedrn.a é/%%tte\% gsgé)% \%lpocawc@% %agcd otper figures provided

herein), passag&e 108 is illustrated as being tapered from upper end 11016 wor%lng tip 106, and is also
illustrated SE5R MGGRY cylindrical section 116 and chamfer 112; however, it is understood that various

types of pggaages Witknarionsishanes A Aanfio RS IS, Koo if se.akilied i the art

includes: (1) forming a free air ball on an end of a wire extending from a bonding tool:
{2) forming a first bond on a die pad of a semiconductor die using the free air bali; (3)
extending a length of wire in a desired shape between the die pad and a lead of a
ieadframe; (4) stitch bonding the wire to the iead of the leadframe (forrﬁing a second
bond); and (5) severing the wire. In forming the bonds between (a) the ends of the
wire !oo;f: and (b) the bond site (e.g., a die pad, a lead, etc.) varying types of bonding
energy may be used including, for example, ultrasonic energy, thermosonic energy, and

. thermocompressive energy, amongst others. As is known to those skilled in the art,
this sequence is exemplary in nature, and the order may be changed in a given
application {e.g., the first bond may be formed on the substrate, etc.).

{00041 Each of the following U.S. patents relates to the field of bonding tools for
wire bonding machines: U.S. Patent No. 7,004,369 entitied “Capillary with Contained
Inner Chamfer”; U.S. Patent No. 6,966,480 entitled “Concave Face Wire Bond Capiilary
and Method”; U.5. Patent No. 6,439,450 entitled “Concave Face Wire Bond Capillary”;
U.5. Patent No. 6,158,647 entitied “Concave Face Wire Bond Capillary”; U.S. Patent No.
5,844,830 entitled “Capillary for a Wire Bonding Apparatus”; U.S. Patent No. 5,871,141



[0006]FIG. 13 is an illustration of an enlarged sectional view of working tip 106. As shown in FIG. 18,
tapered portion 104 has a substantially constant taper starting from the point at which it meets
cylindrical section 102 (as shown in FIG. 1A). Working tip 106 defines working face 120 having face
angle 118 of ¥6r28%4H#H between 8 and 15 degrees. Adjacent working fAE&/¥5H8/9AFEF chamfer 112
having an overall angle 114 of, for example, less than 90 degrees in order to provide a first bond (ball
bond) that meets shear and pull test requirements. Cylindrical passage 116 is between the upper
portion of chamfer 112 and the remainder of passage 108. Moreover, cylindrical passage 116 and
chamfer 112 are generally defined as part of passage 108. [0007]FIG. 2A is an illustration of working
tip 106 of bonding tool 100 forming a second bond of a wire loop, where the second bond includes

stitch boRBtH2E b &iFEbRENTIE KeERpanTst Bl Scatis fred- ArtsaN ¥ wireéb228is bonded to a
pad on aestihrdod e Brrdeviceafridarstow ), laoarding 601 ANtk entdtsadisssviie-:i22 during looping,

feeding witgilA¢ 3aamingdee! 109 thnp“%&h%@@@%@@@H%HEC“@Q@HQ&IHG&&OW 128 and tack or
tail bondslzg on su ngf ?B%%ng\/{?ﬁé%an&(%ﬁﬂemon Ei% |5(i;r9n uc%)r deyice (not shown) to

supporting ) 'subgtrat own) |s Formed s that the entire wire bonding
process repe o form the wire tail, a wire clam not shown) is open as bonding tool 100
is raised E]S%E edete?%(i;nelé\ﬁe?grh'l] YRS W RS AR ﬁ'&rl% ff@ﬁw‘%ﬁﬁg B ¢ Rupporting
substraté 8@ 4e-Ihe wadl@anhenditnsetreibsBandiity Beoiingctusessviivbttadarmientafidbond 126 to
separatetfires ppporh st tech? 4 (asdrepresentadi Dy, tend iadraieat i 6esiadidcen2 Ble Generally, tail

bond 128 4¢ts e tarmBRIaRABAChakRaI B B AlioN shibe e ilh 1RSHIDG i repeatable

2B is a artial cross-sectional plan view of the i Iustratlon of FIG. 2A.

wire tail lengt
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adequatgly2neer MF@&&%MGM@: Wi a"ﬁfm@a@naf%ﬁewﬂi9%%1%%@@9% by those skilled in the

art, FIG. 2B (and various other detail views provided herein) are not to the same scale as FIG. 18 so

that additBHEPHSAISE KRECYBIYRES %eogﬁﬁﬂﬁs I SPAR R S0RBERA P REHEEESES., a tail bond
that is ndt"swerig disagijiemhinrésuarin tail bond 126 separating from supporting substrate 124 during
raising of bonding tool 100 before bonding tool 100 reaches the predetermined height, resulting in a
wire tail ff#@d§loo shéitz(algosefeitiocttatias afshertitadt)l Frobleasiswolf asdhegtitailgeand other
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[0012]ACHIGR GBS TiNe ARG AR Rresdernvenaied, 1ﬁ’1€fef1§ E?‘SU?B&! %Faﬁf*dwgaﬂd

15 degrees. Adjacent working face 120 is inner chamfer 112 having an overall angle
114 of, for example, less than 90 degrees in order to provide a first bond (ball bond) ‘
that meets shear and pull test requirements. Cylindrical passage 116 is between the
upper portion of chamfer 112 and the remainder of passage 108. Moreover, cylindrical
passage 116 and chamfer 112 are generally defined as part of passage 108.

{0007] FIG. 2A is an illustration of working tip 106 of bonding tool 100 forming a
second bond of a wire loop, where the second bond includes stitch bond 128 and tail
bond 126. As explained above, after a free air ball of wire 122 is bonded to a pad on a
semiconductor device (not shown), bonding tool 100 then handles wire 122 during
looping, feeding wire 122, Bonding tool 100 then forms the second bond, including

- stitch bond 128 and tack or tail bond 126 on supporting substrate 124 to interconnect
the semiconducter device {not shown) to supporting substrate 124.

[o0o8] A wire tail {not shown) is then formed so that the entire wire bonding
process may be repeated. To form the wire tail, a wire clamp (not shown) is open as
bonding tool 100 is raised to a predetermined height, during which time tail bond 126
remains affixed to supporting substrate 124. The wire clamp is then closed and



tool configured for engagement with a wire bonding machine, the bonding tool comprising: a body
portion, the body portion defining a passage configured to receive a length of wire, an end of the
passage extending to a tip portion of the bonding tool, the tip portion defining a working face of the
bonding tool, wherein during engagement with the wire bonding machine a segment of the working
face extends downward with respect to a plane d&fined at an intersection of the passage and the
working face. 3a [0013]According to a second aspect of the present invention, there is provided a
bonding tool configured for engagement with a wire bonding machine, the bonding tool comprising: a
body portion, the body portion defining a passage configured to receive a length of wire, an end of the
passage extending to a tip portion of the bonding tool, the tip portion defining a working face of the
bondingtealirthewierkisgifeaesiogmptising 26ptusatityaaf freqgmaents: wberein uriag engagement with the
wire bOﬂ@JA?QsEH@éHEO%%%&WZ%tm:}&O%PQ é@%@rg!pegi%mm&a%segda%y?g}passage extends

downward with res ge%t : qgllt%q}eogtger\lgg t?d;”arnl ersecrtlon ?b‘i sage %nd the working face, and
another %récgmé)r? ewor ing face directf Jaceﬁt?he seé”m%ﬁvt gx LSS an upward angle with

respect to the plane defined at the intersection of the passage and the working face. 4 During
engagertt@htivith the Wi BSHRIRRSA ST S Ee ALBE AR By L G BHeRy 1A & d@e%ﬂy adjacent the end of
the pasdagéexiehtywomntmeasaciiiithof sgpeing tiy 08 ahkoudifinéebEt04rhnitesseniiddn of the passage and
the workigghfaee randanatbersegonanhafitie warkiag frce direstyoadjezentiheaegment extends at

an upwaye gngle it ae%%‘ﬁe%e‘ﬂé%ef%f%%jté} A AMSESRCY RQr QlHg B%ﬁ%ﬂé’eer @ the working

face. [0014]According to a third H%gcto present invention, there is provided a method of forming

a wire bR 1hE 'ﬁ%ﬁﬂ@al%?ﬂ?ﬁg h@”gﬂé’bé"”(ﬁ 60 SIRGi S & ‘FPe‘é”*JH"B‘éHOSnW&P& of a wire
_extendirigdrostoed Bymthieg stolstd aniig 21tboRd i (ane Yrseusiptatl detzail berdiprgvideatiereitt form the wire

- bond using rbednsdingetes]ethefionding toel samphising=a Sady ety sherdady portion defining a
passage configured to receive a length of the wire, an end of the passage extending to a tip portion of
the bondisa dpol, the ﬁi@lﬁgdé@jbﬁqﬁmm‘@wrk@gafmmah@ab@%ms@@ledtyb@r)ein during bonding a
segment of tr@?u aﬂ achzgéte g éio Qrgl wt respect fo.g Bb%ge rc{!}c'asfllnnecg atan n intersection of
the passa 6'and the wor face F?) )= lf*luépr thg present invention e em o%lled as a wire

bondingPRatPfrRE SR B?ﬂﬁjd?ﬁ g M&T@%‘%&Hﬁﬁf@dﬂegﬁ'&ﬁd &zieft- é?ﬁﬁ@‘@dhﬂ‘ﬁ'@eﬁ?&@?ﬂh'é includes a
bondingtsosEet{denfrjered toasipjsorttdalidriepidemscusd adoriednds vl badartoaiding tool

configured asspidiRgdosmaxampameRndineshalthenresaatiisuetion BRIEF DESCRIPTION OF

THE DRAW Seq%ﬁ gp% Eﬁ]'tI;QEE invention is best understood from the following detailed description when

read in connection with the accompanying drawing. It is emphasized that, according to common

practice, 6% arious atures o{(} rawmg are not to scale On he co trary, the dimensions of the
f[e f % 10 rov1d mlp cive:% bo doo at{ .
various ures are arbitrarily expan or reduced for clarity. heid in the drawing are the

followingfiRjayed werknafaces sodpesdnsreriehagcariPerds conventional bonding tool; FIG. 16 is a detail

view of the working tip of the conventional bonding tool of
SUMMARY OF THE INVENTION

[6012] ' According to a first aspect of the present invention, there is provided a bonding
tool configured for engagement with a wire bonding machine, the bonding ool comprising: a
bedy portion, the body portion defining a passage configured to receive a length of wire, an end
of the passage extending to a'tip portion of the bonding tool, the tip portion defining a working
face of the bonding iocl, wherein during engagement with the wire bonding machine a segment
of the working face extends downward with respect to a piane defined at an intersection of the

nassage and the working face.



FIG. 1A; FIGS. 2A is a partial cross-sectional view of the working tip of a conventional
bonding tool forming a bond on a supporting substrate; FIG. 2B is a partial cross-sectional plan view of
the conventional bonding tool of WO 2009/148450PCT/US2008/065878 5 FIG. 3Ais a
cross-sectional view of a bonding tool in accordance with an exemplary embodiment of the present
invention; FIG. 3B is a detail view of the working tip of the bonding tool of FIG. 3A; FIG. 4Ais a
cross-sectional view of a bonding tool in accordance with another exemplary embodiment of the
present invention; FIG. 46 is a detail view gf, the working tip of the bonding tool of FIG. 4A; FIG.
5A is a cross-sectional view of a bonding tool in accordance with yet another exemplary embodiment
of the present invention; FIG. 56 is a detail view of the working tip of the bonding tool of FIG. 5A,;
FIG. 6A is a cross-sectional view of a bonding tool in accordance with yet another exemplary

embodipaasof the PSR INE Y ODiond osBG- BRI AR ViR, of he wgiijRadp of the bonding tool

of FIG. 6A; FIG, 7A is a cross-sectional view of a banding tool in accordance with yet another

exempla VS%S&%@E?%}E tHE" SRESRTHUARTIGhY ™ PO B s PR 8Pthe working tip of the
bonding@BPEHTEIG. bpay FEeB Aehackrpadosetaliving] a/iens efacholitiivg o oidevactsngdnce with yet
another @xarapiannesiiedineatobihe reseatimpenton! the bokdig &ligra detailndew of the working

tip of theyhondind tpahe kil % b%h@in&t%d? AR RRAGLORALYIRMPE %QQH%‘&%&B%PG saccordance

with yet another exemplary embodiment of the L)fesent invention; 8 is a detail view of the

working e Bt IS B IRRT T8 oY F1G SR AREITB R3¢ Nng,R 8IS ShihPVIET oY %%onding tool in
accordafieeciyigsipesradstiaed exeémpraspoenseaimemuiatevpreserrorioerniert &medeb is a detail view
of the warking dyztahtbeagngiagdeat ahdWorkivy Qo200 bASHe PRGHAISE 8/R6LTE B ce

directly adjacent the segment extends at an upward angle with respect to the plane defined at

the intersection of the passage and the working face.



6 FIG. 11A is a cross-sectional view of a bonding tool in accordance with yet another
exemplary embodiment of the present invention; FIG. 118 is a detail view of the working tip of the
bonding tool of FIG. 11A; FIG. 12A is a block diagram of a portion of a wire bonding machine
in accordance with an exemplary embodiment of the present invention; FIG. 128 is a detail
view of the working tip of the bonding tool of the wire bonding machine of FIG. 12A; FIG. 13A
IS a cross-sectional view of a bonding tool in accordance with yet another exemplary embodiment of
the present invention; FIG. 133 is a detail view of the working tip of the bonding tool of FIG. 13A;

FIG. 14A is a cross-sectional view of a bonding tool in accordance with yet another exemplary
embodimenh@ttaedgeresenitinrentiendrbgldseisna, deleghmdsvsiahéheonmedng dpaefithe bonding tool of

FIG. 14'%'djacent the gr{@of]tg?ébbiésQa&écé?g’é_ﬁgggQ\R}m\tw@%@ir@sgg&qw;ﬁg% &@g&péggpce With yet_ another
exemplary embodiment of the pre%%lt mventhn; and FIG, 158 is a deéligul view of the working tip of the

bonding TS8P eF RIS 15 A2 HES AN EL RS CR T8N SR AT HITE RTIBK fA% explained above,
repeatalSlieciiye@diatsehf e aredesiragicatpingward angle with respect to a plane defined at an

intersection of the passage and the working face.

[0014] According to a third aspect of the present invention, there is provided a
rnethod of forming a wire bond, the method comprising the steps of: (1) forming a free air
ball on an end of a wire extending from a bonding tool; and {2) bonding the free air ball to a
bonding location to form the wire bond using the bonding too!, the bonding tool comprising
a body portion, the body portion defining 2 passage configured 1o receive a length of the
wire, an end of the passage extending to a tip portion of the bonding tool, the tip portion
defining a working face of the bonding tool, wherein during bonding a segment of the
working face extends downward with respect to a plane defined at an intersection of the

passage and the working face.

[0015] Further, the present invention may be embodied as a wire bonding
machine for bonding a wire to a bonding location. Such a wire bonding machine includes a
bonding surface configured to support a work piece to be wire bonded, as well as a bonding tool

configured according to an exemplary embodiment of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016] - The invention is best understood from the following detailed description
when read in connection with the accompanying drawing. It is emphasized that, according to
common practice, the various features of the drawing are not io scale. On the contrary, the
dimensions of the various features are arbitrarily expanded or reduced for clarity. Included in

the drawing are the following figures:
FIG. 1A is a cross-sectional view of a conventional bonding tool;

FIG. IB is a detail view of the working tip of the conventional bonding tooi of
FIG. 1A;

FIGS. 2A is a partial cross-sectional view of the working {ip of a

conventional bonding too! forming a bond on a supporting substrate;

FIG. 2B is a partial cross-sectional plan view of the conventional bonding tool of
FIG. 2A;



processing of semiconductor devices. Generally, a tail bond acts as a temporary anchor point during
formation of the wire tail. According to certain exemplary embodiments of the present invention, an
improved working face of the present invention enlarges the tail bond area, thereby improving the
stability of th& By fdtmation. More specifically, according to such ex&mplary eibdinents, the
area of the working face responsible for the tail bond is enlarged without compromising the geometries
related to the first bond. WO 2009/148450PCT/US2008/065878 [0018]The working face of a working
tip of a bonding tool has a significant impact on the formation of the tail bond portion of the second
bond. Certain exemplary embodiments of the present invention relate to an improved working face in
order to form an improved second bond with little or no impact on the first bond of the wire bonding
sequence. In contrast®raHosifvetacsesHgR &gy ahgRerIBItEIEN PRICHEHEEIE! Bhcertain
exemplasrembadisrehtsiiofdliedd thsantseventientiahleast a segment of the working face may be
configured at a negative face angle. In such a negative face angle configuration, the segment may
extend downward witlFrespeat tocplanewlefined as@mintar sechonaiding visedeert passage of the
bonding tool and the working face (e.g., downward from the passage toward a bonding surface of a

wire bonding machinepidligrnatiehsstbe-segmerhextandingi sy vawarswitdespafhto the plane may
be positigned, at &Qggigﬁ %HQ&YK%K{ {ﬁg\% 'I_Q%tnitsin\g)énq;g)%ctly adjacent the end of the passage. For
example, a planar (1.e., flat) segment of the working Pace may be positioned directly adjacent the end
of the passage, while g hegative face angle ment may .be positioned directly adjacent the planar
segment (See, e.g., Fﬁi% dﬁfé%)%.a&f’ﬁ%?’ 8?)?1 %Wr%{%bnﬁs Gt & %%%ﬁ%%‘?&&&%%‘é‘éeéﬁient are also
contemplated. [0019]I§:Fferrin to FIGS. 3A and 35, bonding tool 300 is configured for engagement
with a wire bonding machire ThBCEmSwAT TR KIRNCTPRREER BBhHAGRIGR3ERd e Befhed by a body
* portion ifERIENRCEFIRIADE POANSO2EHE figesrtipativA304 adjacent an end of cylindrical portion
302. Tip portion 306 (i.e., working tip 306) is defined at an end of tapered portion 304. The body
portion of bonding toofB0G BlédfincsipdsdageB30e eonfigared ¢ tiecbirelaijcngtDF@ir8Anot shown).
Passage 308 extends from upper end 310 of bonding tool 300 to working tip 306. As will be
understood by those skillelainstherars-E4GicBAl (and vasiousdiledeiahsdenspeowidegddierein) is a
partial seelipRal Mewothat indheisratioRalyiewsis.simplificd, (to remove certain background lines) so

that the inventive features are more clearly shown. [0020]Flé. 35 is a partial (for the sake of clarity)
cross-sectional enlarggd vigWsof waddne.lin. 300 £aRaa0s S08.6xienA5 10 dipingrion 806 of bonding
tool 300, tip portion 306 defini%g worl|<ing fage 320 of bondlpsg tool 300. rIﬁore's(fJe’?:l?f?!(]:a ly, inner
chamfer 312 of passage. 303 itsermipzl%glt_es at working face 320, Inner chamfer 312 haghinner chamfer

. . 2 Cr . b toal d
diameter 324. Cylindrical passage 16 15 postioned between an ijopp')%ra 6%%0351 Bt ¢ ar%?(g,r 312 and the

remaind8F B FASX8Gw!308° ISRRE el fiRtesephdt4gE%1i6 and chamfer 312 are generally defined
as part of passage 308. A plane P is defined at an intersection | of passage 308 (more specifically,
inner chamfer 312 pofit&n 0t |k 88k 368) eindreveskirrpriecBE brad e Belnf SGhstantially parallel
to a bonding surface (not shown) of the wire bonding machine. As used herein, the term "bonding
_surface" may refer to BiSefifidsrduessrdissicagubet afeadrdediddraeien areostafacevithtietwire bonding
" machinessuehens b heatelockianangstalipisc{R0AMRISINg engagement with a wire bonding
machine, working face 320 directly adjacent the end of passage 308 (more specifically, directly

adjacent inner chamfe1@183 BxiendsicR ek (verRic AurINGsd RASA AR 2 1am Blane P) with

respect to plane P. Plane P is defined at intersection | of passage 308 (more specifically, directly

adjacent inner chamfes 312) and working:fa6s 3p0, RguaNh 38015322 d5alee (iR (RY to as
negative fact%feanglfgefgt%z, and is J_n a rane?é)f about 3 to 30 degrees with respect to plane P.
[OOZZ]FI@@. AS aaﬁglfi'gﬂo- e gté |é’\’ﬂ?§%}t\ﬁb\?ﬁﬁ'§?i’ps according to various other exemplary
embodiments of the present invention. The configuration of each embodiment is very similar to that
described with refereic8 13RI Sl aieya8, Rk arngBaidhoPeReivaietlLhidkifd faces. Thus,
certain respective details will be omitted, while details of the each of the working faces of the various
embodiments will be GEScHPR I ReFEIRS TRIGTSRET M) hBANH919S). B AEATABCDYHHING tool 400 is
configureedtfenahgagesmertd witmaosineehonfling presshinmyastishown). As shown in FIG. 4A, bonding
tool 400 is defined by a body portion including cylindrical portion 402, tapered portion 404, and tip

portion 406 (i.e., working. tip# @63. Jevsiibaely pottiewekbending el sidgfiaesdpassage 408 that
extends {@{p upper end 410 of bonding tool 400 to working tip 406.



[0024]FIG. 48 is a partial cross-sectional enlarged view of working tip 406. Passage 408 (including
cylindrical passage 416 and chamfer 412) extends to tip portion 406 of bonding tool 400, tip portion
406 defining working face 420 of bonding tool 400. More specifically, inner chamfer 412 (having inner
chamfer dianetetdZm8éTpassage 408 terminates at working face 420. A Paiespueg/efefirfed at an
intersection | of passage 408 (more specifically, infier chamfer 412 portion of passage 408) and
working face 420, plane P being substantially parallel to a bonding surface (not shown) of the wire
bonding machine. [0025]Working face 420 of tip portion 406 includes a plurality of segments, i.e.,
segment 420a and 420b. During engagement with the wire bonding machine, segment 420a directly
adjacent the end of passage 408 (more specifically, directly adjacent inner chamfer 412 of passage
408) extends downwa’?&G(iil.’,ﬂ‘d? ASMTWART ARG le B \AtCREdpR L PRFFEBaRR iy face segment
420a hayet negttivekeomdipnesibodi2@nY\OLR0 o¢dB4508EDAJS20081065878 9 and a face length
428. Another segment 420b of working face 420 directly adjacent segment 420a extends at an upward
angle 434 from an endiof. Sagmentid2iaaway tramvarkendipestiéacanoindecvlitg brmnding machine
(not shown),. Working face segment 4206 has a face length 446. [0026]Downward angle 422 of
negative working face segment 420a is in a range of about 3 to 30 degrees with respect to plane P.

Upward angle 434 of ithvg, worki . iS40 . f between about O to 30
degrees with respect Eoﬂr?lg\r%%.gga%{%%% ?ﬁg%ﬁ%@ﬁﬁeﬁtg 4%8%%%%? 4?3@?%2?&655% a length (428

and 446 2SR5 FARGR Y HBeREM I SRR ER505 MKEsHi?Ang to FIGS. 5A and 5B, bonding
tool 500 is configured for engagement with a wire bonding machine (not shown). As shown in FIG. SA,
bonding tool 500 is defiffed 4518 haakPh st PiiERWRIG eIRIAt 1 brREINS b0 tablie#isdrtion 504,
and tip pertidm® 06 chee working 8p;506). The body portion of bonding tool 500 defines passage 508

- that extends from upper end 510 of bonding tool 500 to working tip 506. [0028]FIG. 5B is a partial
cross-sectional enlargad.view afavpekiigetindd@b virassag b inctuding-eylingdeatipassage 516 and

chamfer a12)-8¥iePesde SR HiBRRREfidPending 49a! R00,dip,portion 506 defining working face 520

of bonding tool 500. More specifically, inner chamfer 512 (having inner chamfer diameter 524) of

passage 508 terminatgg,at working Jage, RaPoARIANS £ felinetalan inferseefipgd of passage 508
(more specifically, inner chamfer 512 portion of passage ) and working face . plane P being
substantfeﬁﬁ/ parallel to a bonding surface (not shown) of the wire bonding machine. [0029]Working

face 520 of tip portion 506 includes segment 520a. During engagement with the wire bonding
machine, segment 5204 detdy adjasertHenshyidr 948 BOSPhBIELEEEHEENithirectly adjacent
inner chamifen@b2rafxeansagecbiiBdentencs devpnecard (veepadig downward angle 522) with respect to
plane P. Working face segment 520a has a negative face diameter 526 and a face length 528. The

remainder of working fase =20 HiraethiladacentiregtirinX30ar exdesitirigansipwvard. angle from an
end of sqgment 520a away from the bonding surface (not shown) and toward an outer radius OR of
working tip 506. Downward angle 522 of negative working face segment 520a is in a range of about 3

10 80 degrees with regpect i lang £ Warking A P4 BSRLRZ R POMRHsRRAERAn 528 in a range
of about 0.1 to 2.1 mils. ,
: yet another exemplary embodiment of the present invention; and

FIG. 158 is a detail view of the working tip of the bonding tool of FIG.
15A,

DETAILED DESCRIPTION OF THE INVENTION

[0017] As explained above, repeatable wire tail lengths are desirable in the
processing of semiconductor devices. Generally, a tail bond acts as a temporary anchor
point during formation of the wire tail. According to certain exemplary embodiments of
the present invention, an improved working face of the present invention enlarges the
tail bond area, thereby improving the stability of the tail bond formation. More
specifically, according to such exemplary embodiments, the area of the working face
responsible for the tail bond is enlarged without compromising the geometries related
to the first hond.



WO 2009/148450PCT/US2008/065878 10 [0030]Comparing the exemplary embodiment of bonding
tool 500 with that of bonding tool 400 described with reference to FIGS. 4A and 48, downward angle
522 of negative working face segment 520a is equal to downward angle 422 of negative working face
segment 420% ORP&6¥ H8460h 528, however, is greater than face length 428PSUEIR28088xi2818N may result
in an improved working face configuration. [0031]Referring now to FIGS. 6A and 6B, bonding tool 600
is configured for engagement with a wire bonding machine (not shown). As shown in FIG. 6A, bonding
tool 600 is defined by a body portion including cylindrical portion 602, tapered portion 604, and tip
portion 606 (i.e., working tip 606). The body portion of bonding tool 600 defines passage 608 that
extends from upper end 610 of bonding tool 600 to working tip 606. [0032]FIG. 68 is a partial
cross-set@8agl enlargBre vienkiot iaskirfep tipp 6067 Flassagec80B(imsiubasgpajtinidideat passage 616 and

chamfer ﬁ%@&tﬁﬂ@f&rﬂ@t%rﬁﬁm@@@!%ﬁ@%%m $@0HBrRABERN. 688-dafiviRg-warsing face 620
of bondn&gng)%llg%gtg\@%e,esgeecsgg@]‘% %egr Pe,f Or661”2n haV| |nner C amfer di amieter 624) of

passage 608 terminates at wor lane flned at aﬂ fersectlon of passage 608
(more sﬁ@&"ﬁ@é‘llwmﬂ‘é‘?dcﬁ%ﬁ?ﬁgrb@ﬁ ﬁ@hl%'%f’b&%%’é"&@ BRd Wbﬂ%ﬂ‘é F5ERPEYER plane P being
substanthaiyijar atieteoce bdmdingresirtace femti eh twa of th éevaireaboleding maghingsB)},0033]Working
face 620zetdiaingriir=Rafh ieﬁéudgﬁs@eamsmhmgiom@rwéegage@i%hwgmeewire bonding

machine, geament 6208, gjk%%tl%%) rBtQt nglrgé g(?%sae%e ttgsvog V‘_\g/géoarn ge(flfl gl%ﬁ.dlrectly adjacent

inner cham er 612 of passage 608) ex ends downward (i.e.>a Award angle with respect to

plane P. Rﬁﬁﬁwﬁgf?geeg%!aﬁfaﬁtg@%aoﬂa@%?@@%Mé&@fﬁ%a@wwﬁﬁ% reRRefeAgth 628. The
remaindeteokwefkied 3866 BRErgirtictyoatjaceint Seghrent B8R0 Bhadndgiap dnclipwdttieangle from an

end of segmer %%@q&wa)ﬂémﬁh?fhﬁﬁdm&%ﬁ%ﬁetm%%%%1%@%&%@6@)19@M‘r‘éer radius OR of

orkng oy RIS \NIE BRSO edaive W IKNG [BCS,SUTE BR08 & 10 of about 3
to 30 degrees with respéct to 204 comp fises a en tit*l 628 in a range

Iane %(ace se me

of about ¢4 t?ﬁl%"?[ﬁ@féﬁ?c'%rﬁ ﬁﬁmﬂj‘ l‘Pfet &Wﬁl‘ﬁ%/féFﬁBBﬁ*iﬁﬁé?ﬂté’F‘ﬁSHﬁlﬁ‘mB%tGOO with that of
bonding tookad@UdscrirsdaritiFeeforanpl ta BISST Jik aridt) 8egowmved it angléi6g Zaoknegative

\é/lvzo(;king Fﬁ@?w%&&rﬂr@a%&@i%ﬁ%&éhﬁ?@;&W@\?ﬁ{ﬁ?ﬁJﬁ%é'@?ﬁﬂfié‘%9@8@&?&\9@%@@ t$egment
oSl el o e e, B e U obbosh s 11
[0035]R&@|)rnﬂ8elff@§ﬁ%a§ﬁas7‘§ aUEﬁ?&%‘QQt%Fm‘Fs BSHRRE RiFeAREgERBHvith a wire
bonding machine (not shown). As shown in FIG. 7A, bonding tool 700 is defined by a body portion
includind €§Afdrical pBAfBHiIT9 L0 fé%r@eﬁﬁ@ﬂiéﬁfﬁm,dwﬂﬁ BéRisrruBIdred fRiorking tip 706). The
body posiera@ihemndivithteotirkd Dodefines passageor 88dkaj.e xtestdsvisomruppes anchdib@ of bonding tool
700 to WeykiRgdiR 4Qfned by a body portion including cylindrical portion 302 and tapered
| portion 304 adjacent an end of cylindrical portion 202. Tip portion 306 (i.e., warking

tip 306} is defined at an end of tapered portion 304. The body portion of bonding'tooi

300 defines passage 308 configured to receive a length of wire (not shown). Passage

308 extends from upper end 310 of bonding tool 300 to working tip 306. As will be

understood by those skilled in the art, FIG. 3A (and various other detail views provided

herein) is a partial sectional view, that is, the sectional view is simplified {to remove

certain background lines) so that the inventive features are more clearly shown,

[0026] FIG. 3B is a partial (for the sake of clarity) cross-sectional enlarged view
of working tip 306. Passage 308 extends to tip portion 306 of bonding tool 300, tip

. portion 306 defining working face 320 of bonding tool 300. More specifically, inner
chamfer 312 of passage 308 terminates at working face 320. Inner chamfer 312 has
inner chamfer diameter 324, Cylindrical passage 316 is positioned between an upper
portion of chamfer 312 and the remainder of passage 308. Moreover, cylindrical
passage 316 and chamfer 312 are generally defined as part of passage 308, A plane P
is defined at an intersection I of passage 308 (more specifically, inner chamfer 312
portion of passage 308) and working face 320, plane P being substantially paraliel to a
bonding surface (not shown) of the wire bonding machine. As used herein, the term



[0036]FIG. 78 is a partial cross-sectional enlarged view of working tip 706. Passage 708 (including
cylindrical passage 716 and chamfer 712) extends to tip portion 706 of bonding tool 700, tip portion
706 defining working face 720 of bonding tool 700. More specifically, inner chamfer 712 (having inner
chamfer dianVéfel 72 WpéTpassage 708 terminates at working face 720. A MAieSPIes/ehéfitfed at an
intersection | of passage 708 (more specifically, ifher chamfer 712 portion of passage 708) and
working face 720, plane P being substantially parallel to a bonding surface (not shown) of the wire
bonding machine. [0037]Working face 720 of tip portion 706 includes segment 720a. During
engagement with the wire bonding machine, segment 720a directly adjacent the end of passage 708
(more specifically, directly adjacent inner chamfer 712 of passage 708) extends downward (i.e., at a
downward@Hine Fdpegitmspdet to pleaielRNYeHkirteiar s uhsiriern 7eBhfsea pregjative face
diametersi2acans ehtoee-dangifint2Balined eneaiasdenofvaorkiag, fasenio direstly adjacent segment
720a extends at an upward angle from an end of segment 720a away from the bonding surface (not

fshown) mn;yard arauiey éﬂéﬂg?r%tfiﬁi‘ﬂ%k‘}g%tﬂbﬁrﬂﬁg Q@@mw@,rcbﬁam% 42 giyveglf}ti\/ef working
ace seg 0 degrees.with respect to,plane P. Working face
segmentgg%gyc%gﬁia %SHEE‘ égal%%g?ﬁ %%%%f 923 égn%geoo? a%%clﬂt"baﬁﬁ' fo 5% ft(rf%i qu 58%}g®§mparmg the

exemplafy RiBodimeRYSIEBAGYRE 6o Jith SRYTYREDABME 168170 Blaserfbetthith reference to
FIGS. 4A<sndtB) done RiaRicaadias A2 nthelgiativeavorki i pfaeesseg 3@ (2Ga is greater than
SOWY}W&@@M@!4'23iEﬁcﬂ?@@fﬁﬁ&ﬁ‘f@ﬁ@&&f@@_ﬁf&egm?%hé%k§%%@%')éa2fﬂcgcﬁcmgqa 28 is greater than

ace len C y_result in.an improved working face configurat
0soTRa e e b D Rl R TP PEP SRR tR it wire
“bonding HAFARETTEELESRASE BsPvh in FIG. 8A, bonding tool 800 is defined by a body portion
- including cylindrical portion 802, tapered portion 804, and tip portion 806 (i.e., working tip 806). The
body porkf¥tPdfbondifg ®of800 WEE0EY 14838 6 PO/ TS 2008TbBIS S 2ecakhinesopassage 808 that
extends fromusppeeread8bhof bobhdingdon GOb4qpwesking tinBO6. ORI GuBBols ¢ partial

cross-seghianakfiiaraest viewolawarking 806 Fassanm 308 nckdingylindrcal passage 816 and
chamfer 83€ ).extends to tip. portion. 806 of ‘on(;m toql 800, tip portion 806 definjng working face 820
e f 351 SL e

of bonding og]%ﬁ&eﬂbar% spggif\llca:gﬁﬁsiﬁﬁgr’%%am ﬂs(’h%ﬁn iFTrer SRAhSISP e s 824) of
passage 8UEEriHiads Biner ks rebeoBlE woptiieiees gbirovesionn snbediptois Wil passage 808
(more specifesatipethheretihhamfer 812 portion of passage 808) and working face 820, plane P being
substantially parallel to a bonding surface (not shown) of the wire bonding machine. [0041]Workin

face 820[obtip portionrBebingludesa aiosaliy ofEegMeMsingaeol 400 is configured for '

engagement with a wire bonding machine (not shown). As shown in FIG. 4A, bonding

tool 400 is defined by a body portion inciuding cylindrical portion 402, tapered portion
404, and tip portion 406 (i.e., working tip 406). The body portion of bonding tool 400
defines passage 408 that extends from upper end 410 of bonding too! 400 to working
tip 406.

{0024] FIG. 4B is a partial cross-sectional enlarged view of working tip 408.
Passage 408 (including cylindrical passage 416 and chamfer 412) extends to tip portion
406 of bonding tool 400, tip portion 406 defining working face 420 of bonding tool 400.
More specifically, inner chamfer 412 (having inner chamfer diameter 424) of passage
408 terminates at working face 420. A plane P is defined at an intersection I of
passage 408 (more specificaily, inner chamfer 412 portion of passage 408) and working
face 420, plane P being substantially parallel to a bonding surface (not shown) of the
wire bonding machine,

[0025] Working face 420 of tip portion 406 includes a plurality of segments, i.e.,
segment 420a and 420b. During engagement with the wire bonding machine, segment
420a directly adjacent the end of passage 408 {more specifically, directly adjacent
inner chamfer 412 of passage 408) extends downward (i.e., at downward angle 422)
with respect to plane P. Working face segment 420a has a negative face diameter 426



segment 820a and 820b. During engagement with the wire bonding machine, segment 820a directly
adjacent the end of passage 808 (more specifically, directly adjacent inner chamfer 812) extends
downward (i.e., at downward angle 822) with respect to plane P. Working segment 820a has a
negative facéMdi2ifatep826. Another segment 820b of working face 820 dRE€EHisHdfdEEsitisegment
820a extends at a downward angle 830 with respéct to plane P. Working segment 820b has a
negative face diameter 832. Downward angle 822 of negative working face segment 820a is in a range
of about 3 to 30 degrees with respect to plane P. Downward angle 830 of negative working face
segment 820b is in a range of about 3 to 30 degrees with respect to plane P. [0042]Referring to FIGS.
9A and 98, bonding tool 900 is configured for engagement with a wire bonding machine (not shown).
As showrdid El@ciangibritifig fousitbe0skomeimdad By of Wodyneolarsriritkitkndyaydiadeital portion 902,
tapered peginend@doanrdtipdcrtion YNbatdenyversagtim WoInd e Ladipostion ekending tool 900

defines f i o i ol ing tip 906.
[0043]F.p£§§§%§23§;§3§§§%§§§3@2“§%% e B S0 (ncucing

cylindrical ga%EEgk B RaMPE 919§ extends to tip portion 906 of bonding tool 900, tip portion
906 defining working face 920 of bonding tool 900. More specifically, inner chamfer 912 (having inner
chamfer §PAEer 9245’%‘?’?)‘%{%5%@@9%@%2ﬁﬁﬁ?&@é"%t‘“(ﬁﬂﬂﬂﬁjﬁc?%@%“&l%@ i& defined at an
intersecticmdodiraEssdgeto® @norecspetificaliyrinnetaianfeip®biporgiers v passsiieD08) and
ok s B0salann ke b A g sch sl e i
onding ] 41Working f tip portion
006 IncI Tl o S e e 208 888 B e 8 T S ement with the
“wire bonditfy FRERGFAEELEIRSANGS P4 Rt atfcéiPie end of passage 908 (more specifcally,
~directly adjacent inner chamfer 912) extends downward (i.e., at downward angle 922) with respect to
plane P. WBAdAg segffiptroEOke hie% hegat\iBrdvedingient5906s mdimiseddement 920b of working
face 920 aigegtyadjadent sagntenideRDaetieadaat cucomnwareshangle 330, with sespiegt to plane P.

Working geemek %%ehdhas,a tive-dacediay; A [SegME .yyorking face 920
directly a%é'}zacen& %egment 95%??e%%g§aﬁ£%?v%%ﬁa§r%%§ b%%wv%?h res e%%%)%ollgg%{ie&é. Working
t o)

segment 920E HheRRSEEA 5 U AREHIO 5> 1504 B IS oRar RPE SRTE 52988 18YatRR working face

has‘a"positiv
segment@08s$IRaTARGE BRASIRBIST IO degrRsesdvithOespeediroprmMSHR. Dovenkiagd angle 930 of
negative tpafkig face segment 920b is in a range of about 3 to 30 degrees with respect to plane P.
Upward angle 934 of positive working face segment 920c is in a range of about 0 to 30 degrees with

respect tpgelasg P. [0846]BefiersngavcioskéedicHafcansdgliBibiondingkag) 96 és configured for

engage I ' ing; ine. S . W i FIX n1 Pnd(ijn trgol 1000 is
defined %%ﬁgd%égmﬁ%ﬁ?r@u%%%@ n?gré:gagfﬁsgr%vr%‘ l)lldo %%Eff)egég)g%?ﬁoﬁos ?8(?4? &n ?Ip portion 1006

(i.e., workify i P02 Bl BBul R BAB AN YT RIIRG o8P 'aetine? paeniraiens &t extends from
upper entder@seesifiseidimpeosh20@er torR dhzivigimi@0damfer diameter 524) of passage

508 terminates at working face 520. A plane P is defined at an intersection I of
passage 508 (more specifically, inner chamfer 512 portion of passage 508) and working
face 520, plane P being substantially parallel to a bonding surface {not shown) of the
wire bonding machine.

[0029] Working face 520 of tip portion 506 includes segment 520a, During
engagement with the wire bonding machine, segment 520a directly adjacent the end of
passage 508 (more specifically, directly adjacent inner chamfer 512 of passage 508)
extends downward {i.e., at a downward angle 522) with respect to plane P. Working
face segment 520a has a negative face diameter 526 and a face length 528. The
remainder of working face 520 directly adjacent segment 520a extends at an upward
angle from an end of segment 520a away from the bonding surface {not shown) and
toward an outer radius OR of working tip 506. Downward angle 522 of negative
working face segment 520a is in a range of about 3 to 30 degrees with respect to plane
P. Working face segment 520a comprises a length 528 in a range of about 0.1 to 2.1
mils.



[0047]FIG. 10B is a partial cross-sectional enlarged view of working tip 1006. Passage 1008 (including
cylindrical passage 1016 and chamfer 1012) extends to tip portion 1006 of bonding tool 1000, tip
portion 1006 defining working face 1020 of bonding tool 1000. More specifically, inner chamfer 1012
(having inneM@apitargiidneter 1024) of passage 1008 terminates at worki Fae@8OP878A plane P is
defined at an intersection | of passage 1008 (moré specifically, inner chamfer 1012 portion of passage
1008) and working face 1020, plane P being substantially parallel to a bonding surface (not shown) of
the wire bonding machine. [0048]Working face 1020 of tip portion 1006 includes a plurality of
segments, i.e., segment 1020a and 1020b. During engagement with the wire bonding machine,
segment 1020a directly adjacent the end of passage 1008 gmore specifically, directly adjacent inner
chamfer [ %ﬁ%?%xtenoé’mﬁﬂ%me(ﬁéenéﬁiamfﬁ%‘ﬁ&lé 1ers)RGitRTe Yo utid HriRE P. Working
segmentb020w hes 40%edpsiivibdd odtti sefratecd 0261GH/ QA2 809 AR SIyYORGT] @52003/D66878 14
Ant;)ther aeg@aeawﬁl%ﬂg Fﬂc‘é’@é’é%@ﬁﬁ@@%ﬁg@ﬂj@f&gz@mﬁ%@taﬁﬁﬂ@ﬁ% &@?}g&&o@ends akigg 6':1 plane
substant a ownwar of negative, warking fac ment aisina
range of a out %5%3%8%% rgé?e%{\}v%th\ﬁ;aecgpec fto p ghg%ve[b%)rilégjfge%aemﬁé PLEGS g and 1113,
bonding fodt 13¢5 R ‘é?fﬂﬁfg‘tﬂéﬂaﬂbFeéHﬁé@ém@HPWWMWB&HH?@’?H&BWH@%N shown). As shown
in FIG. 11A, bonding tool 1100 is defined by a body portion including cylindrical portion 1102, tapered
portion 16903 5hd tip PEFABHE TO8' (15271 Frorkfhaneb Bl by dinecter PP sttienfsrisehing tool 1100
defines pagsagmdritO&thatveixtcingsifrgrmappe: end A0 BendingeoFIid 0thimwaliking tip 1106.

[0050]FI%03L&,§G$5%9%HQWQS§O§ %u;on ﬁm@@ﬁ&'wmﬁmwf%%}% eRAS#6,1 108 (including
cylindrical pas qe 1116 an % mfer 1112) e éi {:ﬁ ortion 110 ondin rgntool 1100, tip
portion 1 %96 %nl%g worang &11% 6’1%0% ‘to RﬁE)tIJS gé"l% SP%hamfer 1112
(having iARESHRTTRIIRR et ﬂ%ﬂ!}’@ffﬁﬁsﬁa@@“ fﬂé@%@rﬁﬂhﬁf@@&t%rﬁﬂ@d?&ﬁ@r Ki?20. A plane P is

defined atpadDimtersection | of passage 1108 (more specifically, inner chamfer 1112 portion of passage
1108) and working face 1120, plane P being substantially parallel to a bonding surface (not shown) of

the wire poagling machmes[o@&salwaeﬂa@ﬁ@.@cbbael ehtiprqerticniibintydesaglurality of
segments, i€, S &éiag% PRy 3995&_}@856 H&'@Ha‘?ﬂ%?‘g LA EQ%E Cpalr*?o ding

machine, segment 1 20a |rectl adjacent thé end of passage 11 mores ec

irectly
adjacentéiﬂﬁé’F Bﬁa‘?ﬁ}%F‘i‘iféﬁoe%ﬁag'amﬁm%'w “ﬁﬁ%@ﬁ%? ghiys ﬁf?%ﬁﬁqespect to
plane P.NyezlaprsiSeglineinnel 20antias @l Adgavive faver dizandterdlidaeteAfdtial segrment 1120b of

working FgetddraAueatiwaeiaeentsepment id2dn @ﬂ@ﬁﬁ@da&%d@w&w@é&anwe 1130 with respect to
plane P- JYg 4@@%&@9@&@%&2@%@8iﬁn@?%%?ef@gfz%%@%% Aéfélégfrn%eaan Ay 1120c of

working 120 directly adjacent segment b extends alon ane s stantl yparallel to
plane P. BRGNP ang! %ﬂ%ﬁ%%ﬁﬂwmi‘ﬂﬁg Pa%”gé@@fﬁé'ﬁ‘l%ﬁé@%{ @"W&)raﬁa@ of about 3 to 30
degrees Withrewbegtegilenge P. Downward angle 1130 of negative working face segment 1120b is in
a range of about 3 to 30 degrees with respect to plane P. [0052]FIG. 12A is a partial block diagram a
wire bon{#g Blachineiorkicgoizianczdwithi@poeiem@darinembedisgentrofab@a preseng invention, and

FIG. 12&isaddatail:view afdhawerdiaadimalihe bandinglteshafihewiredbeadingmaghipe of FIG.

12A. Thepassage 608 (more specifically, directly adjacent inner chamfer 612 of passage 608)

extends downward (i.e., at downward angie 622) with respect to plane P. Warking face
segment 620a has a negative face diameter 626 and a face length 628. The remainder

. of working face 620 directly adjacent segment 620a extends at an upward angle from
an end of segment 620a away from the bonding surface (not shown) and toward an
outer radius OR of working tip 606. Downward angle 622 of negative working face
segment 620a is in a range of about 3 to 30 degrees with respect to plane P. Working
face segment 620a comprises a length 628 in a range of about 0.1 to 2.1 mils.

[0034] Comparing the exemplary embodiment of banding tool 600 with that of
bonding tool 400 described with reference to FIGS. 4A and 4B, downward angle 622 of
negative working face segment 6202 is greater than downward angle 422 of negative
working face segment 420a. Face length 628, however, is equal to face jength 428 in

this example. Such a variation may result in an improved working face configuration.



WO 2009/148450PCT/U52008/065878 15 wire bonding machine includes bonding surface 1242 (e.g.,
a heat block of the wire bonding machine) configured to support substrate 1224 (e.g., leadframe
1224). Semiconductor die 1240 is mounted on substrate 1224. The wire bonding machine further
includes wireV6pae*12444hat supplies wire 1222 to bonding tool 1200. A B&dyUsetideH Honding tool
1200 includes cylindrical portion 1202 and tapereblportlon 1204. The body portion defines passage
1208 configured to receive a length of wire 1222. An end of passage 1208 extends to tip portion 1206
of bonding tool 1200, tip portion 1206 defining a negative working face 1220 (including a length 1236)
of bonding tool 1200. Wire 1222a represents a wire loop formed between first ball bond 1238 on
semiconductor die 1240 and the second bond on substrate 1224. [0053]FIG. 123 illustrates the
configurdft§#8i first bBRBBHY 128H8n L Aot RS Bt ag 0P Sl wied 41l bond 1238 covers
the entiresgateos=of @Jnamfﬁrréz»bﬂc(:havmtammeht@ngth ALSwhuh does g tbeadeigthe entire

surface qfpegmivewatking, fg%mgm &@%@BW@W%@&@ %@Qn%wmyaé%a%m@ﬂ of the

portion o ork| face 22 oted by Jength in.a ran eofa ees with
respect t(;)e‘r\;lan e or Teworf%?r%m agc Otjlj%e%gt% E%Wté%n %3@ r}ga%’a{dfé%atlve face

diameterdefings aﬁiﬁ%eaé’gétr\v@tv%wm fafejé WTQ?@W&‘?&?@@%F%BQPG%W@F’E@ mils.
[0054]|Referriog now to FIGS. 13A and 136, bonding tool 1300 is configured for engagement with a
wire bonding machine (not shown). As shown in FIG. 13A, bonding tool 1300 is defined by a body
portion indodsy cylindrivatprrtiqn A0 2dapesetbpartian 43a4iand tindariiwasl 368 (i.e., working tip

106). The:bacly pRrYaRakRonyInGag J:0 defnes paseane 08 luatgiedsrom upper end 1310

of bonding tool 1300 to working tip IG. 136 Is a partial cross- sectlonal enlarged view of

‘working fB"1386 %P 25258 ﬂ%&?klﬁ%ﬁ’uﬁmé’%’ﬂ'}ﬁ%?%\l‘jﬁ%%‘@oﬁ'ﬁ?@ 5358 ERAMFEPI419) extends to tip
© portion 106 B otidingredfiigbo nipeportiorer 308 dediriigyinnerkihgrideedidnetef Hamdifig tool 1300.

More speaiiicaiy7osnerehamatesdledXithaag Annenchamferidiameter st 3helpaseage 1308
terminatgs ;?és‘é’é)gfg'f‘@sfﬂ%%r%%%gc&%” ﬁe&scﬂgﬂ{}gﬁﬁ Eﬁ‘{ %%%%E‘falﬁ%%j%%%e 1308 (more

specifically, inner chamfer 1 ortlon assage 1 worklng ace 1320 plane P being

substant < PArERE 6% B‘BH&%"EDW&EBS B’F%%Rﬁ{? tFPe%P@‘BB%& REQRRIONIO
2009/148450POTH USRDOB/066878 16 bonding machine, segment 1320a directly adjacent the end of
passage 1308 (more specifically, directly adjacent inner chamfer 1312 of passage 1308) extends
downwai® @B} respe &t topiaiiec® 7 ¥Warking fate segmert e Gadmasna Nagativedage diameter 1326
and a fa@%d%@%ﬁﬁ%ﬁh?ﬁ@W@WQMQ{HBQS%@?Q@r&?&%?cﬂéﬁ%@%@@'@ﬁﬂbﬁzoa extends
atan upward Langle, from an enqm e gpee%t 1%20a atvygly ﬁrgﬁgﬂ m@grbpl dlg% surfacg 6%ot shown) and
toward ah outgr ra ?)rfe SFWork ﬁ’g t 03 WOH(I face segmen P3568° c%mpr es a length 1328

ina rang%‘Fﬁ“&B&?W‘ﬁ‘?S’ 51 nfs? W’Y‘TR@@‘PH@ ?8213 &8 MeERSsh P IRIEN BN ATRELEDI 1400 is
configurdatéosegnuag 2@t asith reegvitiy & Gredidgrmetehifiss (avad sHfevenngshshziwrTire FIG. 14A, bonding

tool 140%515#%&@6&%&%%&%?@%%%@H&Qa@éﬂ'@@é@ﬁ)&@g% M%ggeﬁsﬁ%m&ien 14041 jgg tri]p

portion e.. workin e orti onding too efines passage that
extends ‘?rogfﬁ;3 u'&%? end 991 %%ng)tng#l)g ?oo?)éléfBB] to %vorf%%]a%ﬁgii%ﬁ%( 8@%?!9? aﬁf B is a partial

" cross-setRTEl Ehrarge dadisn O Ronardraipat. Fareayard aneleicladheesphifvarical passage 1416

and chamtekibd I@)cestgmesttd 2z po i anrdrtod bonding 8D H246@stipithartiprt 40 Gidedining working

face 1429 va@ﬁﬂﬁ'é’ﬁé@@é%gﬁt %o’%ﬂ%@@@'&’i%ﬁrﬁﬁmﬂé&%ﬁ%&%"irt%rzci‘amfer diameter
1324) of r% ssage 1408 terminates at working face 1420. A plane P is defined at an intersection | of

passage 8 (more specifically, inner chamfer 1412 portion of passage 1408) and working face 1420,

plane P bem& ubstantially parallel to a bondln(i;nsurface (not shown) of the wire bondmg machine.
? Comparing the exemplary embodiment of bonding tool 700 with that of

bonding too! 400 described with reference to FIGS. 4A and 48, downward angle 722 of
negative working face segment 720a is greater than downward angle 422 of negative
working face segment 420a. Similarly, face length 728 is greater than face length 428.

Such a variation may resuit in an improved working face configuration.

[0039] Referring now to FIGS. 8A and 8B, bonding fool 800 is configured for

engagement with a wire bonding machine (not Shown). As shown in FIG. 8A, bonding
tool 800 is defined by a body portion including cylindrical portion 802, tapered portion
804, and tip portion 806 (i.e., working tip 808). The body portion of bonding tool 800



[0059]Working face 1420 of tip portion 1406 includes segment 1420a. Working face segment 1420a
comprises a convex shape. During engagement with the wire bonding machine, segment 1420a
directly adjacent the end of passage 1408 (more specifically, directly adjacent inner chamfer 1412 of
passage 140838 @bwnward with respect to plane P. Working face $&griépmas¥dthas a
negative face diameter 1426 and a face length 14Z8. The remainder of working face 1420 directly
adjacent segment 1420a extends at an upward angle from an end of segment 1420a away from the
bonding surface (not shown) and toward an outer radius OR of working tip 1406. Working face
segment 1420a comprises a length 1428 in a range of about 0.1 to 2.1 mils. WO
2009/148450PCTAIS2008/065878 17 tool 1500 is defined by a body portion including cylindrical
portion 1489 45 paTeRPpARbH Atk TR BPREH 0B A.87 brRfidAgaR) 420 WaikiMbdy portion of
bonding twoB8500 defines passage 1508 that extends from upper end 1510 of bonding tool 1500 to
working tip 1506. [0061]FIG. 15B is a partial cross-sectional enlarged view of working tip 1506.
Passage| ©8@8 Jincluding. @gindsipakpsissage skbfibnanenthraemfeiclb a2y extisdsptadg portion 1506 of
bonding fagkdR08edipRaialy toRtHeliniag.uerking dagerzedof bonding,laqb Ir0P. Mare specifically,
inner cha8 éegf oL S‘ atwggg!ﬁ;n%r ch%tmfersggm ter 1524')<_of gassgg 1508 erm&na\t%%{?t working face
1520. A plang PSRN 2 an MBS Se0idR ISt Pae Ay & 1808 frivsre X o ORCSISP ANEr chamfer 1512
portion oPPERsSRRE TSR RIFd WArRIAG FaddEYTE agTei= Bifi ¢ SimseinktlyParEerto a bonding
surface @ug strovimgted thevaritad tndisg tnakhinse [DRG6RThe intans eukons@iween tip surfaces
COMPIiSe, Lyed SARRS-MREE RRAGITIGALY U RIRe FHioNS.lk AR A g AL S BYRY SathEiiag sharp.
Curved §hgé)§%0ma% In L!)d? ar&%ggpe tofi[adlusI [ roun e%shafe Alteérn tl)ﬁelx, thc? mtersectlons may
be sharp 155 ShOVITI thE T aviat R TG a5 P ERIFh IR B0 o 0 BIRET LIREDIREHP &M geometry.

" [0063]WHFKERPREERIIBEE B.tIp portion 1506 includes segment 1520a. During engagement with the
wire bonding machine, segment 1520a directly adjacent the end of passage 1508 (more specifically,
directly d@8éddt inneM&ikinddrasd 20oifdimpatiion S08)iesttsied 2 dbwalitaef eemeanta.dewnward angle
1522) witbgespesiin planeBb\Woiking éagegesmentth2B0avhavenangpiiveines sigmeter 1526. The

remaindss 6 WPHINg.IASeAA Iraci aclaseosamAn LS R aNda gl upiierd angle fom an

end of se&ment 1520a away from the bonding surface and toward an outer radius OR of working tip

1506. DOWKVAP A BIRG IR L5 55 8 et D RN ity FLO8WBYRRL AP S R IITMRSRGE &7 about 3 to 30
degrees MatterBspibetdopianeent 0BG \arkotry eslvalprergiemdiedibaéntdmititte grawent invention have
been describeast ineanpestiosvitve-a¢aMans &f dbenwarkingdfagenliaiengingteekdirgelly adjacent an

end of hesBIsAILALI ARG WRhyHDes e seasient IS SAnguied Al gpgaive face angle:

however the present invention iIs not limited thereto. More specific e segment directly adjacent

the pass3GEMAJPRNAIS {72 o Rsat R XIRT KN BF SR DU RAAD @Jﬁé’c@)?%fﬁfeagﬂ%‘iﬁeﬁosegment of
the workdtgdfetreds wishfigered ta alarg AtiVecfare i gleg R 8FrdhgaseliMo WG BgIfeee 16B, bonding tool

1600 is cepfigmiesbtny engagemneinybbi wike oadirgmaehinrg aatishaw) pPAs shown in WO
2009/148450PCT/US2008/065828 18 '

[0042] Referring to FIGS. 9A and 9B, bonding tool 900 is configured for
engagement with a wire bonding machine (not shown). As shown in FIG. 9A, bonding
tool 900 is defined by a body portion including cylindrical portion 902, tapered portion
904, and tip portion 906 {i.e., working tip 906). The body portion of bonding tool 800
defines passage 908 that extends from upper end 910 of bonding toot 900 to working
tip 906.

foo4a3z] FIG. 9B is a partial cross-sectional enlarged view of working tip 906.
Passage 908 (including cylindrical passage 916 and chamfer 912) extends to tip portion
506 of honding tool 900, tip portion 906 defining working face 920 of bonding too! 900.
More specifically, inner chamfer 912 {having inner chamfer diameter 924) of passage
908 terminates at working face 920. A plane P is defined at an intersection I of
passage 908 {more specifically, inner chamfer 912 portion of passage 908) and working
face 920, plane P being substantially parallel to a bonding surface (not shown) of the

wire bonding machine.



FIG. 16A, bonding tool 1600 is defined by a body portion including cylindrical portion 1602, tapered
portion 1604, and tip portion 1606 (i.e., working tip 1606). The body portion of bonding tool 1600
defines passage 1608 that extends from upper end 1610 of bonding tool 1600 to working tip 1606.
[0065]FIG. 186%3M¥4RIa] cross-sectional enlarged view of working tip 16067 Pa3EEFESFBOS (including
cylindrical passage 1616 and chamfer 1612) extefits to tip portion 1606 of bonding tool 1600, tip
portion 1606 defining working face 1620 of bonding tool 1600. More specifically, inner chamfer 1612
(having inner chamfer diameter 1624) of passage 1608 terminates at working face 1620. A plane P is
defined at an intersection | of passage 1608 (more specifically, inner chamfer 1612 portion of passage
1608) a g working face 1620, plane P being substantially parallel to a bonding surface (not shown) of
the wire b8R&HG mact‘ﬂ'r?ék’[@dgém%(?k?ﬁﬂﬁaﬁ?étf@z?%f' B isia w1 BN EYIRE ERRTE S Emhénts 1620a and
1620b. DigitFehBaderiedh vand fewiretioadingagrchimeyitetmerite Betddinmedtyinejacent the end

of passagegheif (rmy elispenificalyeditasthnadipsanrbinesehanHes ke kI xigndsialong a plane
subStan g el UG PSP AMENI SRR I 2R SATEIELLES, Goaileyseomen 16200 o

working face 1620 dlrec 5% adjacent segment 1620a exten nward (I.e., at ownward angle 1622)

with respBEPESTIRAEES IoNaH8eGHBRY 8RS DR E T diraigiReRa01 6Pt PRSwnward angle
1622 of segarind fastkipigveikéngdgeranO18 et yitiaceninsro ofcab 8208 ¢at80ddegrees with respect to
plane P. ddwiswyilris SRy dbatite pesentdpiention insludeseabadinaniswermiewegment of the

working face gl Asiacork R IdAl e PRRSRARIE FANIOMEA & anles plhey than negaive face

angles. FIGS. 16A-166 are one exampe of such an em odlment however, other comblnatlons of

working ?58@58@%5%%%@%&1%’@@ W?ﬁﬁrﬁ&&ﬁ&ﬁ?‘?ﬁ%t%‘ﬂﬁﬂfspex%ﬁ@@ embodiments of
the preséngineintidbr diselo seeitharéine dinmetbePdf negative face angles (e.g., angle 322 in FIG. 36,
angle 422 in FIG. 46, angles 822 and 830 in FIG. 86, etc.) are described. Further, a number of positive
face angl®9€&sg., anglrdBdandRi@lie 622t havehisovdasoted: saggenaraldhesamangles have been
dezcribeeha§ef@lﬂiegoiﬁt@ @%@d@é#&%%@%@.%&f&ot%Qedeglmwéneg iQ@%'g\e? or negative. 'It is
underst hat larger and smaller a are also contempla ccording to an gxemplary
embodlmech theglrle< gent f|an§/ee‘:"nr?on %%%nle 'gt?véa?ggeoangea?gé%% (ﬂ SWWAr ar? RE'of the
segmenttﬁﬂﬁBWorIHH@?%é”W%G@PP&@WSOMW'@@%@%‘SBVQ'?PQ tﬁr‘écﬁl@éﬁ@ént the end of
the passagsisticiy 38 daglee328tmrE4Gec88) igateah angle in a range of about 6 to 20 degrees.
According to another exemplary embodiment of the present invention, the negative face angle (e.g.,
the downwaasangle didhersegmenaite working face sienty adiacsrd thesndwtthepassage such

as anglec3g2 Jorflt- &@ > - an e INRARIRATABAM)O 0 IndIRaieeRs [28ROKsR lggcribed herein

embodlments of the present invention, the various segments of the

with res ec 3% rtai £xe

Worklng%ace 0 és 561 HE? ﬁ%ypﬁét'i?{‘d'}aﬂa@%%{ﬁ‘éju'tcﬁ PRE9™ 14iA¢: iPRetberstood that larger
and smaﬂ@'ft@é'gméﬁt feHgIRParEcaId0 o htempleiidag Tirel Rifgth Ofethede Begivrenfs (e.g., segments
extendingodaimpwastimyearerithe basding Rotace: segmentroaxignding-dpwardawaydirgm the bonding

surface, gRomRI ARG HPstRtially parallel with the bonding surface, etc.) may depend upon a
number of factors such as, for example, the overall geometry of the working tip of the bonding tool.

* This gecfgpifyjncludssdheaih pLibe warkina e sz o e chamier diamelgpeamongst other

features. According to another ex [ary embodiment o presentlnvenpgn Rhe ength of the

segmenf@EHH Y é‘W%B%FU"QQB@Q’%%@Q%&%‘?&HS F53/BieAHGRY BXERABEAS Winbodiment of the
present iréianicH)thef dngthnoftiud SeefinEpteagiom d taAgediiapeutBittde2 600{0070]The bondlng

tool accasshaghiortae 1ese MoRVERaR-MAYiRefORBHIF A 2 (having inner chamfer
diameter 1024) of passage 1008 terminates at working face 1020. A plane P is defined
at an intersection I of passage 1008 (more specificaily, inner chamfer 1012 portion of
passage 1008) and working face 1020, plane P being substantially parallel to a bonding
surface (not shown) of the wire bonding machine. |

[o64a8] Working face 1020 of tip portion 1006 includes a plurality of segments,
i.e., segment 1020a and 1020b. During engagement with the wire bonding machine,
segment 1020a directly adjacent the end of passage 1008 {more specifically, directly
adjacent inner chamfer 1012) extends downward (i.e., at downward angie 1022) with
respect to plane P. Working segment 1020a has a negative face diameter 1026.



a variety of different materials. For example, insulative materials (e.g., alumina, zirconia toughened
alumina, etc.); conductive materials (e.g., tungsten carbide, titanium carbide, etc.); and electrically
dissipative materials. Further, the bonding tool may be formed from a unitary piece of material, or may
be multiple plESLI&itié¢together. [0071]The present invention may be efibbdid@®& e Hiethod of
forming a wire bond and/or a method of forming alire loop. For example, a method of forming a wire
bond may include (1) a step of forming a free air ball, and (2) a step of bonding the free air ball to a
bonding location using a bonding tool described herein to form a wire bond. In a method of forming a
wire loop, additional steps may be included such as (3) extending a length of wire continuous with the
wire bond to another bonding location, and (4) bonding a portion of the wire to the another bonding

location {S'PSAH SRBTHRIV e AR thie Bo hem B YHRABES TorpaME ™ MRS RO e[B1572]while the
present ippaatioplidzsdudsteilliaity ated igltte relspedt- tdceriwniaréregip lLiyohfiguatitions (having a
certain Nk Thaegaitveatking isMOh 20094 14834R0P C 14 U6 209RN0ARK LB cegments/faces,

positive W@ngg segments/faces, and neutral (horizontal) working segments/faces, each of varying
angles and lengths), alternative configurations are contemplated. [0073]Although the invention is

iIIustrateﬂDqﬂ%ﬂescri herein with referenc pecific embodiments, the invention is not intended
to be limited to“the dg%l Sré‘r%‘ng éthie%rf?vaa?ngo%%sgm%a? IC2 riTct;Dr'i”zqm{Tg}ty Bseé?ﬁlg 3ri?1drt1ll1°é details within the

scope arfd9asgRsT aytivamiitstortRe dRaREsattihontie partiryfritife idefvdingvO
2009/148480R 0T /6 SF0E8/06 33782 poWeati ixiGCtanmedindrical pprﬂorAlhoradhagm configured for
Engagerﬁs&ﬁdgfitfﬂwﬁ%&&a%%mq?b@ﬁ.éh%@ﬂ%g&% m?ﬁ@'&ﬂf\/ portion ftﬁthdy portion, the

ody portion ni assage configur receive a length of wire of the passage
extendin%o%dg |%°ao%lt?00% §§§1%%%?\S§Fr%ge t%%qt,é)tﬁ%a inp%?legr? effﬁ?ﬁﬁrée !\‘/\?oquﬁ#g ?faicagngf?ﬁe bonding tool,
-~ wherein @,‘?ﬁﬁ(}j ﬁ%‘fﬁ’@ﬁtqﬁitﬁ% wire bonding machine a segment of the working face extends

downward with respect to a plane defined at an intersection of the passage and the working face.
[0050] FIG. 11B is a partial cross-sectional enlarged view of working tip 1106.

Passage 1108 (including cylindrical passage 1116 and chamfer 1112) extends to tip
portion 1106 of bonding tool 1100, tip portion 1106 defining working face 1120 of
bonding tool 1100. More specifically, inner chamfer 1112 (having inner chamfer
diameter 1124) of passage 1108 terminates at working face 1120, A plane P is defined
at an intersection I of passage 1108 (more specifically, inner chamfer 1112 portion of
passage 1108) and working face 1120, pt‘éne P being substantialiy paralle! to a bonding
surface (not shown) of the wire bonding machine.

[0051] Working face 1120 of tip portion 1106 includes a plurality of segments,
i.e., segment 1120a, 1120b, and 1120c. During engagement with the wire bonding
machine, segment 1120a directly adjacent the end of passage 1108 (more specifically,
directly adjacent inner chamfer 1112) extends downward (i.e., at a downward angle)
1122 with respect to plane P. Working segment 1120a has a negative face diameter
1126. Another segment 1120b of working face 1120 directly adjacent segment 1120a
extends at a downward angle 1130 with respect to plane P. Working segment 1120b
has a negative face diameter 1132, A further segment 1120c of working face 1120
directly adjacent segment 1120b extends along a plane substantially paraliel to plane
P. Downward angle 1122 of negative working face segment 112Ca is in a range of
about 3 to 30 degrees with respect to plane P. Downward angle 1130 of negative
working face segment 1120b is in a range of about 3 to 30 degrees with respect to
plane P.

[G052] FIG. 12A is a partial block diagram a wire bonding machine in accerdance
with an exemplary embodiment of the present invention, and FIG. 12B is a detail view
of the working tip of the bonding tool of the wire bonding machine of FIG, 12A. The



2. The bonding tool of claim 1, wherein the segment of the working face is directly adjacent the end of
the passage. 3. The bonding tool of claim 1, further comprising another segment of the
working face between the end of the passage and the segment. 4. The bonding tool of claim
3, wherein th&¥AA#HErB$Ehment is substantially parallel to the plane. PCT/US24988458 ding tool of
claim 1, wherein the segment extends at a downward angle in a range of about 3 to 30 degrees with
respect to the plane defined at the intersection of the passage and the working face. 6. The
bonding tool of claim 1, wherein the segment extends at a downward angle in a range of about 6 to 20
degrees with respect to the plane defined at the intersection of the passage and the working face.

7. The bonding tool of claim 1, wherein the segment extends at a downward angle in a range of about

6 to 15 deiRRAHINA reRpEet {BYHESSIARRANSKTEERST s interee&iBPREPIAE PA883¢E ™aNd the working
face.  bondin@nidesibencinficeelcbcdapprti svbetreire thi24dgmentdtizentenZR)in a range of about

0.1 tbo Z-ténﬂéanductolr ds&ﬂ@ipmﬂ%&qﬁ &;rsziamllmﬁerﬂh@ me%&e&maatrha&ﬁ@ng;h in al ranghe
of about 0.2 to 1.9 mils. . The.bonding too é \%ml er intzhfo egment has a length in
o rnge S i leS i spool 4 R e T D aR R g 200 K oty o e
tool of clBffH" wherehrgutRt eigdaeHiencrlit tire \RRE BB Adit AnAsPRRESEthRCERe working face
extends &z@ddovkawedd angiennittiinespestdoetia(ianefdediae thattiet anddesgttian wirthe passage and
the workii3p $aC&n end of passage 1208 extends to tip portion 1206 of bonding tool 1200, tip

portion 1206 defining a negative working face 1220 (including a length 1236) of

bonding tool 1200. Wire 1222a represents a wire !oop' formed between first ball bond

1238 on semiconductor die 1240 and the second bond on substrate 1224.

[6083] FIG. 128 illustrates the configuration of first ball bond 1238 on
semiconductor die 1204, showing that ball bond 1238 covers the entire surface of
chamfer 1212 (having a chamfer length 1234}, but does not cover the entire surface of
negative working face length 1236 of working face 1220. Downward angle 1222 of the
portion of 'working face 1220 denoted by length 1236.is in a range of about 3 to 30
degrees with respect to plane P. The portion of working face 1220 denoted by length
1236 has a negative face diameter 1226, and a negative working face length 1236 in a
range of about 0.1 to 2.1 mils,

[0054] Referring now to FIGS. 13A and 13B, bonding tool 1300 is configured for
engagement with & wire bonding machine {not shown). As shown in FIG. 13A, bonding
tool 1300 is defined by a body portion including cylindrical portion 1302, tapered
portion 1304, and tip portion 1306 {i.e., working tip 1306). The body portion of
bonding tool 1300 defines passage 1308 that extends from upper end 1310 of bonding
tool 1300 to working tip 1306.

10055] FIG. 13B is a partial cross-sectional enlarged view of working tip 1306.
Passage 1308 (including cylindrical passage 1316 and chamfer 1312) extends to tip
portion 1306 of bonding tool 1300, tip portion 1306 defining working face 1320 of
bonding tool 1300. More specifically, inner chamfer 1312 (having inner chamfer
diameter 1324) of passage 1308 terminates at working face 1320. A plane P is defined
at an intersection I of passage 1308 (more specifically, inner chamfer 1312 portion of
passage 1308) and working face 1320, plane P being substantially paraliel to a bonding

suface (not shown} of the wire bonding machine.

[o056] Working face 1320 of tip portion 1306 includes segment 1320a. Working
face segment 1320a comprises a concave shape. During engagement with the wire



12. The bonding tool of claim 1, wherein another segment of the working face directly adjacent the
segment extends at an upward angle with respect to the plane defined at the intersection of the
passage and the working face. 13. The bonding tool of claim 1, wherein another segment of
the working face2¥EE#Sadjacent the segment extends at a downward anEf& NP E&EEEEE to the plane
defined at the intersection of the passage and thel%orking face. 14. The bonding tool of
claim 13, wherein a further segment of the working face directly adjacent the another segment extends
at an upward angle with respect to the plane defined at the intersection of the passage and the
working face. 15. The bonding tool of claim 13, wherein a further segment of the working
face directly adjacent the another segment extends along a plane substantially parallel to the plane

defined ftARENAEREETEDFRI TR HA3S9Y 6 T IRIARKINGT 406, of passage 13D8T{HEOKdNding tool of

claim 1, wheigiaiyndthetigegheeatiohthe warking face ﬁi&&@iﬁ@ﬁj&t@jt@&t@rﬁ&@ﬁ@ﬁh@)@ends al_ong a
plane summmyéaaepa{elkﬁiéqe.thmlﬁﬂg fefined-atibeInieraaction.ghtve RR3sAgRARA the working

face. 132 %7. Ihe Pon%%gﬁol ol claim 1,dwhe ein }(he sfegmfﬂocg,mgtrlseg, concave shape.
18. The bongiﬁa t6of of Clam Wwhereii fﬁg}%gg?ﬁeontw&grﬁn iS8S a Convex's aapé“f":en 19. A

bonding FS8MBR TG EIEF et abRMmem R RIFOBOHYRRY Presmeths Bemangy tBertomprising:
a body purticontivesbadia@oticnstefimingnd passage candigraddd@receivmeiangmgth mfavire, an end of

the passaasiexiaacing ima-in pestionAbeonding teplsthedin Rtipn sisfining.g werking face of the

bonding tol sI the working face comprising a plurality of segments, wherein during engagement with the
wire bona?ng' machine a segment of the working face directly adjacent the end of the passage extends
downward with respect to a plane_defined at an intersection of the Eg)assage and the working face, and

another 8§Reht of BRIt aitdCRPAdiAtePITHE 3 dghaAYO s configured for

engagement with a wire bonding machine (not shown).. As shown in FIG. 14A, bonding
tool 1400 is defined by a body poertion including cylindrical portion 1402, tapered
portion 1404, and tip portion 1406 (i.e., working tip 1406). The body portion of
bonding too! 1400 defines passage 1408 that extends from upper end 1410 of bonding
tool 1400 to working tip 1406.

[o058] FIG. 14B is a partial cross-sectional enlarged view of working tip 1406.
Passage 1408 (including cylindrical passage 1416 and chamfer 1412) extends to tip
portion 1406 of bonding tool 1400, tip portion 1406 defining working face 1420 of
bonding tool 1400, More specifically, inner chamfer 1412 (having inner chamfer
diameter 1324) of passage 1408 terminates at working face 1420. A plane P is
defined at an intersection I of passage 1408 (more specifically, inner chamfer 1412
portion of passage 1408) and working face 1420, plane P being' substantially parallel to
a bonding surface {not shown) of the wire bonding machine.

[0659] Working face 1420 of tip portion 1406 includes segment 1420a. Working
face segment 1420a comprises a convex shape. During engagement with the wire
bonding machine, segment 1420a directly adjacent the end of passage 1408 (more
specifically, directly adjacent inner chamfer 1412 of passage 1408) extends downward
with respect to plane P. Working face segment 1420a has a negative face diameter
1426 and a face length 1428. The remainder of working face 1420 directly adjacent
segment 1420a extends at an upward angle from an end of segment 1420a away from
the bonding surface {not shown) and toward an outer radius OR of working tip 1406.
Working face segment 1420a comprises a length 1428 in a range of about 0.1 to 2.1
mils.

[6060] Referring now fo FIGS, 15A and 15B, bonding tool 1500 is configured for
engagement with a wire bonding machine (not shown). As shown in FIG. 154, bonding



WO 2009/148450PCT/US20081065878 23 extends at an upward angle with respect to the plane
defined at the intersection of the passage and the working face. 20. The bonding tool of claim
19, wherein the segment extends at a downward angle in a range of about 3 to 30 degrees with
respect to thé¥Hla/éftied at the intersection of the passage and the woFkifi/$a¢e/065878 21. The
bonding tool of claim 19, wherein the segment exénds at a downward angle in a range of about 6 to
20 degrees with respect to the plane defined at the intersection of the passage and the working face.
22. The bonding tool of claim 19, wherein the segment extends at a downward angle in a range of
about 6 to 15 degrees with respect to the plane defined at the intersection of the passage and the
working fac e bonding tool of claim 19, wherein the upward angle is in a range

between aar?e([‘)ué 804 ﬁ&%fﬁ’%%g?'e%g QUXrPPELRRRGHTIRG SYARET R REE SR thelRmiERRRE on of the passage
and the vrerkipity fa@d. and tip porgen THSHbAdiIngrtad Gibcldits 11 9T heherdinptitdiarpeliard angle is in a

range of abedihb tenPDsdegremswibstagpacion the pleaeidelined gidnelatesseciorfife passage and
the workipg,fa€ge 1o workmg%@ Jg; bonding tool of claim 19, wherein the upward angle is in a range of
about 6 to 15 degrees with'respect to the plane defined at the intersection of the passage and the

\éVfO;EIQStf 6561, | méﬁl 9% BTN foQl ot claim, 1 eI e S IgR iR gdength in a range
Passage 1508 (mclud:ng cylindrical passage 1516 and chamfer 1512) extends to tip
portion 1506 of bonding tool 1500, tip portion 1506 defining working face 1520 of
bonding tool 1500, More specifically, inner chamfer 1512 (having inner chamfer
-diameter 1524) of passage 1508 terminates at working face 1520. A plane P is defined
at an intersection 11 of passage 1508 (more specifically, inner chamfer 1512 portion of
‘passage 1508) and working face 1520, plane P being subsi’antia!fy parallel to a bonding

surface (not shown) of the wire bonding machine.

[0062] The intersections between tip surfaces comprise curved shapes. More
specifically, intersections I1 and I2 are curved rather than sharp. Curved shapes may
include any type of radius or rounded shape. Alternatively, the intersections may be
sharp (as shown in the previous figures), chamfered, or any other suitable shape or
geometry. '

[0063] Working face 1520 of tip portion 1506 includes segment 1520a. During
engagement with the wire bonding machine, segment 1520a directly adjacent the end
of passage 1508 {more specifically, directly adjacent inner chamfer 1512 of passage
1508) extends downward (i.e., at a downward angle 1522) with respect to plane P.
Waorking face segment 1520a has a negative face diameter 1526. The remainder of
working face 1520 directly adjacent segment 1520a extends at an upward angle from
an end of segment 1520a away from the bonding surface and toward an outer radius
OR of working tip 1506. Downward angle 1522 of negative working face segment
1520a is in a range of about 3 to 30 degrees with respect to plane P,

foge4] Various exemplary embodiments of the present Invention have been
described in connection with a segment of the working face of a bonding tool directly
adjacent an end of the passage of the bonding tool, where the segment is configured at
a negative face angle; however the present invention is not limited thereto. More
specifically, the segment directly adjacent the passage may be flat (i.e., substantially
planar with a bonding surface), while another segmeht of the working face is configured
at a negative face angle, Referring now to FIGS. 16A-168, bonding tool 1600 is
configured for engagement with a wire bonding machine {not shown). As shown in



27. The bonding tool of claim 19, wherein the segment has a length in a range of about 0.2 to 1.9 mils.
28. The bonding tool of claim 19, wherein the segment has a length in a range of about 0.2 to 1.2 mils.
29. The bonding tool of claim 19, wherein the another segment has a length in a range of about 0.1 to
2.1 mils. WO 2003048 bonding tool of claim 19, wherein the another 8&grHEHOFESE fength in a
range of about 0.2 to 1.9 mils. WO 2009/148450PCT/US2008/065878 24 31.The bonding tool of claim
19, wherein the another segment has a length in a range of about 0.2 to 1.2 mils. 32.The bonding tool
of claim 19, wherein the segment comprises a concave shape. 33.The bonding tool of claim 19,
wherein the segment comprises a convex shape.

FIG. 16A, bonding tool 1600 is defined by a body portion including cylindrical portion

1602, tapered portion 1604, and tip portion 1606 (i.e., working tip 1606}. The body

portion of bonding tool 1600 defines passage 1608 that extends from upper end 1610
of bonding tool 1600 to working tip 1606.

[6065] FIG. 168 is a partial cross-sectional enlarged view of working tip 1606,
Passage 1608 (including cylindrical passage 1616 and chamfer 1612) extends to tip
portion 1606 of bonding toof 1600, tip portion 1606 defining working face 1620 of
bonding too! 1600, More specifically, inner chamfer 1612 (having inner chamfer
diameter 1624) of passage 1608 terminates at working face 1620. A plane P is defined
at an intersection I of passage 1608 (more specifically, inner chamfer 1612 portion of
passage 1608) and working face 1620, plane P being Substantial-ly parallel to a bonding

surface {not shown) of the wire bonding machine.

{00667 Working face 1620 of tip portion 1606 includes segments 1620a and
1620b. During engagement with the wire bonding machine, segment 1620a directly
adjacent the end of passage 1608 {(more specifically, directly adjacent inner chamfer
1612) extends along a plane substantially paraliel to plane P. Segment 1620a has a
face diameter 1626. Another segment 1620b of working face 1620 directly adjacent
segment 1620a extends downward (i.e., at downward angle 1622) with respect to
plane P. Working segment 1620b has a negative face diameter 1632, Downward angle
1622 of negative working face segment 1620b is in a range of about 3 to 30 degrees
with respect to plane P. Thus, it is clear that the present invention includes
embodiments where the segment of the working face directly adjacent the end of the
passage is configured at angies other than negative face anglas. FIGS. 16A-168 are
one example of such an embodiment; however, other combinations of working face

segments are contemplated.

[0067] Througheut the various exemplary embodiments of the present invention
disclosed herein, a number of negative face angies {e.qg., angle 322 in FIG. 3B, angle
422 in FIG. 4B, angles 822 and 830 in FIG. 8B, etc.) are described. Further, a number
of positive face angles (e.g., angle 434 in FIG. 4B, etc.) are also described. In general,
these angles have been described as falling in a range of between about 0 to 30
degrees, whether positive or negative, It is understood that larger and smaller angles

are also contemplated.

{00G8] According to an exempiary embodiment of the present invention, the
negative face angle (e.g., the downward angle of the segment of the working face



34.The bonding tool of claim 19, wherein the another segment comprises a concave shape. 35.The
bonding tool of claim 19, wherein the another segment comprises a convex shape. 36.A method of
forming a wire bond, the method comprising the steps of: (1) forming a free air ball on an end
of a wire ext&HaiHy*é#4 bonding tool; and (2) bonding the fredait" B2t % dhding location
to form the wire bond using the bonding tool, the E)gonding tool comprising a body portion, the body
portion defining a passage configured to receive a length of the wire, an end of the passage extending
to a tip portion of the bonding tool, the tip portion defining a working face of the bonding tool, wherein
during bonding a segment of the working face extends downward with respect to a plane defined at an
intersection of the passage and the working face, 37.The method of claim 36, wherein the segment of

the workitiGFH¢SuRRCRr SaheEMamassAacoTHHR FR¥UG E234" THE mMRthSFbFRBIHSE, wherein the
bonding 2cehgf stepb(Ri) futthed deanpeisedanutinariocvidar ekenplporiimpddtedrénisen the end of the
passageppask Haenseatianthadddaekondingrgel @f £laine ddwhhereimine smatheaigegioent is
substantally, Ratalle . He-RIRNS; AR 2RO ULAEARRRGIMRZNR/06 38R 292 in FiG. 3B)

is at an angle in a range of about 6 to 15 degrees.

[0068] As described herein with respect to certain exemplary embodiments of
the present invention, the various segments of the working face of the bonding tool
may be in a range of about 0.1 to 2.1 mils. Itis understood that larger and smaller
segment lengths are also contemplated. The length of these segments (e.g., segments
extending downward toward the bonding surface, segments extending upward away
from the bonding surface, segments that are substantially paratllel with the bonding
surface, etc.) may depend upoen a number of factors such as, for example, the overall
geometry of the working tip of the bonding tool. This geometry includes the width of
the working tip, the size of the chamfer diameter, amongst other features. According
to another exemplary embodiment of the present invention, the iength of the segments
is in a range of about 0.2 to 1.9 mils. According to yet another exemplary embodiment
of the present invention, the length of the segments is in a range of about 0.2 to 1.2

mils.

[0070] The bonding tool according to the present invention may be formed from
a variety of different materials. For example, insulative materials (e.g., alumina,
zirconia toughened alumina, etc.); conductive materials {(e.g., tungsten carbide,
titanium carbide, etc.); and electrically dissipative materials. Further, the bonding tool
may be formed from a unitary piece of material, or may be multiple pieces joined
together. '

[ca71)] The present invention may be embodied as a method of forming a wire
bond and/or a method of forming a wire loop. For example, a method of forming a wire
bond may include (1) a step of forming a free air ball, and (2) a step of bonding the
free air ball to a bonding location using a bonding tool described herein to form a wire
bond. In a method of forming a wire loop, additional steps may be included such as (3)
extending a length of wire continuous with the wire bond to another bonding location,
and (4) bonding a portion of the wire to the another bonding location to form another
wire bond with the bonding tool, thereby forming a wire loop.

Joo72] While the present invention has been illustrated with respect to certain
exemplary configurations {having a certain number of negative working



40. The method of claim 36, wherein the segment extends at a downward angle in a range of about 3
to 30 degrees with respect to the plane defined at the intersection of the passage and the working
face. 41. The method of claim 36, wherein the segment of the working face is directly
adjacent the BRHEHIHE{58ssage, and another se ment of the working facEClYEEMPHfETENt the
segment extends along a plane substantially para fel to the plane defined at the intersection of the
passage and the working face. 42. The method of claim 36, wherein the segment of the
working face is directly adjacent the end of the passage, and another segment of the working face
directly adjacent the segment extends at an upward angle with respect to the plane defined at the
intersection of the passage and the working face. 43. The method of claim 36, further
comprisintPRESRFEDY: positive WoBKIRg RGNS f@ﬁij’ih""&f"v()ﬁlét@r‘fﬂ?ﬁﬂﬁ’%t@v}tmﬁ‘@’\ﬁnre bond to
another begideitjideatioreaah@f varying qagppacing wivsiticiarhthy sirafiguratianotiter bonding
location tedesmpasrether wire bond with the bonding tool, thereby forming a wire loop between the
bonding location and the another bonding location. 100 114 FIG. 1AFIG. 1 B PRIOR ARTPRIOR

ART 2/1@51}@-] 2A PB*@'B(@RIhe invention is illustrated and described herein with refarence

to specific embodiments, the imvention is not intended to be limited to the details
shown. Rather, various modifications may be made in the details within the scope and
range of eguivalents of the claims and without departing from the invention,
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What is Claimed:

1. A bonding tool configured for engagement with a wire bonding
machine, the bonding tool comprising:

a body portion, the body portion defining a passage configured to receive
a length of wire, an end of the passage extending to a tip portion of the bonding tool,
the tip portion defining a working face of the bonding tool, wherein during engagement
with the wire bonding machine a segment of the working face extends downward with
respect to a plane defined. at an intersection of the passage and the working face.

2. The bonding tool of claim 1, wherein the segment of the working
face is directly adjacent the end of the passage.

3. The bonding tootl of claim 1, further comprising another segment
of the working face between the end of the passage and the segment.

4, The bonding tool of claim 3, wherein the another segment is
substantially parallel to the plane. B

5. The bonding tool of claim 1, wherein the segment exfends at a
downward angle in a range of about 3 to 30 degrees with respect to the plane defined
at the intersection of the passage and the working face.

6. The bonding tool of claim 1, wherein the segment extends at a
- downward angle in a range of about 6 to 20 degrees with respect to the plane defined
at.the intersection of the passage and the warking face,

7. The bonding tool of claim 1, wherein the segment extends at a
downward angle in a range of about 6 to 15 degrees with respect to the plane defined
at the intersection of the passage and the working face.

8, The bonding tool of claim 1, wherein the segment has a length in
a range of about 0.1 to 2.1 mils.

Q. The bonding tool of claim 1, wherein the segment has a length in
a range of about 0.2 to 1.9 mils,

10.  The bonding tool of claim 1, wherein the segment has a length in
a range of about 0.2 to 1.2 mils,
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11. The bonding tool of claim 1, wherein during engagement with the
wire bonding machine the entire working face extends at a downward angle with

respect to the plane defined at the intersection of the passage and the working face.

12. The bonding tool of claim 1, wherein another segment of the
working face directly adjacent the segment extends at an upward angle with respect to
the plane defined at the intersection of the passage and the working face,

13, The bonding tool of claim 1, wherein another segment of the
working face directly adjacent the segment extends at a downward angle with respect
to the piane defined at the intersection of the passage and the working face.

14. The bonding tool of claim 13, wherein a further segment of the
working face directly adjacent the another segment extends at an upward angle with
respect to the plane defined at the intersection of the passage and the working face.

15, The bonding tool of claim 13, wherein a further segment of the
working face directly adjacent the another segment extends along & plane substantially
paraliel to the plane defined at the intersection of the passage and the working face.

16. The bonding tool of claim 1, wherein another segment of the
working face directly adjacent the segment extends along a plane substantially parallel
to the plane defined at the intersection of the passage and the working face.

17.  The bonding tool of claim 1, wherein the segment comprises a
concave shape.

18, The bonding tool of claim 1, wherein the segment comprises a

convex shape,

19. A bonding tool configured for engagement with a wire bonding
machine, the bonding tool comprising: '

a body portion, the body portion defining a passage configured to receive
a length of wire, an end of the passage extending to a tip portion of the bonding tool,
the tip portion defining a working face of the bonding tool, the working face comprising
a plurality of segments, wherein during engagement with the wire bonding machine a
segment of the working face directly adjacent the end of the passage extends
downward with respect to a plane defined at an intersection of the passage and the
- working face, and another segment of the working face directly adjacent the segme'nt
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extends at an upward angle with respect to the plane defined at the intersection of the
passage and the working face.

20, The bonding too! of claim 19, wherein the segment extends at a
downward angle in a range of about 3 to 30 degrees with respect to the plane defined
at the intersection of the passage and the working face.

21. The bonding tool of claim 19, wherein the segment extends at é
downward angie in a range of about 6 to 20 degrees with respect to the plane defined
at the intersection of the passage and the working face.

22, The bonding tool of claim 19, Wherein the segment extends at a
downward angle in a range of about 6 to 15 degrees with respect to the plane defined
at the intersection of the passage and the working face,

23, The bonding tool of claim 19, wherein the upward angle is in a
range between about 0 and 30 degrees with respect to the plane defined at the
intersection of the passage and the working face,

24.  The bonding tool of claim 19, wherein the upward angle is in a
range of about 6 to 20 degrees with respect to the plane defined at the intersection of
the passage and the working face.

23.  The bonding tool of claim 19, wherein the upward angle is in a
range of about 6 to 15 degrees with respect to the plane defined at the intersection of
the passage and the working face,

26.  The bonding tool of claim 19, wherein the segment has a length in
3 range of about 0.1 to 2.1 mils.

27.  The bonding tool of claim 18, wherein the segment has a length in
a range of about 0.2 to 1.9 miis.

28, The bonding tool of claim 19, wherein the segment has a length in
a range of about 0.2 to 1.2 mils. '

29.  The bonding tool of claim 19, wherein the another segment has a
length in a range of about 0.1 to 2.1 mils.

30. The bonding tool of claim 19, wherein the another segment has a
length in a range of about 0.2 to 1.9 mils.
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31. The bonding tool of claim 19, wherein the another segment has a
fength in a range of about 0.2 to 1.2 mils.

32. The bonding tool of claim 19, wherein the segment comprises a
concave shape.

33. The bonding tool of claim 19, wherein the segment comprises a
convex shape,

34,  The bonding tool of claim 19, wherein the another segment

comprises a concave shape.

35.  The bonding tool of claim 19, wherein the another segment

cornprises a convex shape.

36. A method of forming a wire bond, the method comprising the
steps of:

{1) forming a free air ball on an end of a wire extending from a
bonding tool; and '

(2) bonding the free air ball to a bonding location to form the wire
bond using the bonding tool, the bonding tool comprising a body portion, the body
portion defining a passage configured to receive a length of the wire, an end of the
passage extending to a tip portion of the bonding tool, the tip portion defining a
working face of the bonding tool, wherein during bonding a segment of thé working
face extends downward with respect to a plane defined at an intersection of the
passage and the working face.

37. Thie method of claim 36, wherein the segment of the working face
is directly adjacent the end of the passage.

38. The method of claim 36, wherein the bonding too! of step (2)
further comprises another segment of the working face between the end of the passage
and the segment.

39. The bonding tool of claim 38, wherein the another segment is
substantially parallel to the piane.
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40. The method of claim 36, wherein the segment extends at a
downward angle in a range of about 3 {0 30 degrees with respect to the plane defined
at the intersection of the passage and the working face.

41. The method of claim 36, wherein the segment of the working face
is directly adjacent the end of the passage, and another segment of the working face
directly adjacent the segment extends along a plane substantially parailel to the piane
defined at the intersection of the passage and the working face.

42.  The method of claim 36, wherein the segment of the working face
is directly adjacent the end of the passage, and another segment of the working face
directly adjacent the segment extends at an upward angle with respect to the plane
defined at the intersection of the passage and the working face.

43.  The method of claim 36, further comprising the steps of;

{3} extending a Iengfh of wire continuous with the wire bond to
another bonding location; and N

(4) | bonding a portion of the wire to the another bonding location to
form another wire bond with the bonding tool, thereby forming a wire ioop between the
bonding location and the another bonding location.



