BONDI NG TOOL W TH | MPROVED WORKI NG FACE FI ELD OF THE
I NVENTI ON [ 0001] The present invention relates to wire
whoeondilssyseyst ens and, nore particularly, to inpeDUSIH08/065878

bondi ng tools for wire bondi ng machi nes. BACKGROUND OF

THE I NVENTI ON [0002] | n the processing and packagi ng

of sem conduct or devices, wire bonding continues to be

the primary method of providing electrica

i nterconnection between two | ocations within a package

(e.g., between a die pad of a sem conductor die and a

| ead of a |leadfrane). Mrre specifically, using a wire

bonder (al so known as a wire bondi ng machine) wre

| oops are fornmed between respective |ocations to be

electrically interconnected. [0003] An exenplary

Ny enHANBING TGP M IMPRUARS Wokkihe iEea |

bondi ng |nc u es formng a free air

end of a wire extending froma bonding tool; (2)

formng a first bond on a die pad of a sem conductor

die using the free air ball; (3) extending a | ength of

wire in a desiredrigshaes het weeNTIOR die pad and a | ead

of a | eadfrane; (4) stitch bonding the wire to the

ead f the | eadf rane (formn second bond); and (5)

tooo1] 27C, Phe b¥ehiFan B rsladt [} M BASHS R omB ke fora)
particulah, wndwrofed hrmding teolsdopwiamdopbingtrhachiresd site (e.g.,

a die pad, a lead, etc.) varying types of bonding

energy may be y@@gﬁgmy@m@E f,\gy NPf@Pl e, ultrasonic

ener gy, thernosonic energy, and E%errmcorrpressive

ener g anongst_ others. As is known to those skilled
[0002} |, hé‘ *é\etpro'f%ﬁ@gﬁad@ﬁb%e*v% ObXTSPRAUFLIN HieNicetr Wire BRpding
continub€o Bé el pmyrybmemmartg@dom@mg ePHcYieddl aR@lcbeiction beBudbn two

t.nhe supstr

i he f. d .
locatiorlsgBiin Saachod (4 Bre DRGSR 6 PN BsstBrauper giecaty §lead
of a leatiframk).e Mdre$pduditdily) gisiraod wnrﬁad;onv!/ew @limdnﬁwngasmmenmding
machingd Fire TGS Hre Wimefy itbiectPresfcVel 6ehrioh @R bt Bleftlald

““em0@ﬁ¥ﬁﬂled "Concave Face Wre Bond Capillary and
thod"; U S. Patent No. 6,439,450 entitled "Concave
[°°°3lFace A PxemBlREY expentiena) wire pagdimmmsasyenagoutilginosalslagnding

include€n1h) ¥dreding fol%‘eaédﬁgé;g@@ ai«Nef\lﬁ og@nﬁﬁr@éﬁlehblﬁ!j Yrom Y- bgndmg tool;
P | e

(2) forrigdi gt SSEONE e Dod SIS SERICERRVRE 15 L tha 12k Fa )
extendihfianend®htof lviBandi d"eg;w@@@haﬁa)bet@@ﬁﬁthadi@qﬁd&imcb rR@d;of a
Ieadfrarga,g 1)%@1‘:3{160{&?@ éEGv@@e ?6 eelnézlj Eﬁ%& ﬂr*ae ?f?)era n%r_a second
bond); Phd € s@(prlhg ‘dquWB@nam frymTom kg bentg liet\&eer) éhe eNds of the
wire lodh ahblb32Re BOAd Lik@Ek.g SaMHiE PG US TR, 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.).

[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 entitled “Capillary with Contained
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 “Concave Face Wire Bond Capillary”;
U.S. Patent No. 6,158,647 entitled "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



Bondi ng Means Having an I nproved Capillary and Met hod
of Using the Sane."” [0005] FIG | Ais an illustration
w@booa/1¥8a5d - known prior art fine pitch bondi ng PODUSHOL065878

(e.g., a capillary bonding 2oo0l). Bonding tool 100

i ncludes cylindrical portion 102, tapered portion 104

adj acent cylindrical portion 102, and working tip 106

adj acent the end of tapered portion 104. Passage 108

extends from upper end 110 to working tip 106 of

bondi ng tool 100. Passage 108 is configured to receive
entitledy"Ainggitah Banding Bodl frr Gasetripined BondndbioH di- Mgtan dloabicdd, 261

entitled YWiré Sonding chaingdrot t)eg ﬁa&wrw somvs@ﬁdnh%eiﬁﬂe Pitch
e 10 i s illust apered fromu er

CapilaeRPTTS T uGPRIth F96 1008, 4 9hd 150 Lar BB FeruPRancs
Bonding Mzladsel Hﬁgmg)dnl IntProeal Caadry @nd Mdihandf ofiagiies sda,”
however, i s understood that various types of

[ooos:ﬁassagﬁ;} %atsgn ﬁ'lf(s't%lf%a %%ﬁl{a%go? r%:B %ro%gf ﬁélp&nlsi' Pglrg%{\% tool
100 (e.an a ¢dpillary onding molhnB@rﬂlm tred 1§@¢mqlmﬁalcyvm@wabportion 102,
tapered’\ﬁ’clfrkibﬂgoh'a‘ajélsgﬁt cyﬁﬁdﬁ&@ rtidh ﬁ‘)fianh%vort(ﬁ?qpefjoé’é’ §ibEOR the

has a substanti al ﬁ@constant taper sfartin rom
end of ’iaﬁ@reﬂo?%ﬁ'oratl%mPewasﬁ 1 @P‘Eef@;ﬂff%#%%‘l engabl @rw%z\g tip

106 of ?@ﬁ:@%ﬁgﬂ r1100 Ela@.agb Abs .éllbcsrlﬂlglmged if'oprefl:QGe dQérhdlﬁﬁbf Wirekibgse
. .fac avi ng e f, for e

in a wis BERAER apemtens andde Agemaihe Bhpreb i ek mrrspee
108 is illosteated habkizg taided drommgpper endetidl o worglng tidl 20@fandfisklso
. . . ) t

inustra S Gaah 3 uldiRE Lo 18 Sha cPaRidhals 2! ol 2
understoed thatesmsious tyreplof ndssaces withsvwesiges shapes and epnignations are

known HPREe BRIIEd fnnefarehanfer 112 and the renmmi nder of
passage 108. Moreover, cylindrical passage 116 and

chanfer_ 112 are generall defi ned as part of passage
[0006); 53 [S0dH s epdllushiatior of/nianfaiged %ﬁqt'aﬂa' ofie\nsF KPHdng Fip 106.
As showliDfn rerlt-; hencipaged mﬁoaamms mbﬂ@s@nﬁenpgtﬂwsbandapér sgartlgg

wire. loop. ere.t n on es .S c .
rrom isofog ol ¥ien W Bl S3is0Fd MR v fPeion, B EH eba Werking
tip 106 fdefimeaworkibal facofl20hpeing Z2cd andlo g df, tfor exgoayrle Olpetween 8 and

15 degr%%gn ‘Aﬁﬂa@gﬁi \95rkﬁﬁvﬁa§§§£5‘%tmﬁ@to%\@mfepi’ffjbg\ga{; %ﬂlov?—}%(t)l angle

les w during oo
114 of, fgrexapyngi lagp thapl901dtgredsdn oFdririn W%‘éd%éé@ﬁcbd@dr(éa“ bond)

that méeﬂ&éﬂt@'r REd Pl kt&dt rBQN s argiih@edal Béssfa?é b 19@NEktdE6n ek

orting substrafe 124 to interconnec
upper pQ e et e Jd?e@ndcg]e(rﬁa'tang}%\ﬂfi})aﬁsggg&BBOMqrﬁcgver, cylindrical

passages UDG bhalkRarh4.11P Q0O GEndally Hefiiadl s f410bf pdeuty 108, t hen
formed so that the entire wire bonding process nmay be

[0007]Sepea§1%d 2A-I;g a]; (?Iqumtratt% W'f (N%{IE”% ltiEdS)S osf brogguggggct)lglrb?forming a
second poediet erv\meriedp h/dT-ayhtthe shnondg)omhmmmcte:srseitqhabdndbb?redarlczﬁai!
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 semiconductor device (not shown) to supporting substrate 124.

[0008] 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



remai ns affixed to supporting substrate 124. The wire
clanmp is then cl osed andbondi ng tool is raised causing

WO 2000/183m@ 126 to separate from support subst rBtBEUIRDM8/065878
(as represented by torn taid area 126a in FIG 2B).
Generally, tail bond 126 acts as a tenporary anchor

point during formation of the wire tail, resulting in
repeatable wire tail lengths. [0009] FIG 2B is a
partial cross-sectional plan view of the illustration

~of FIG 2A Feature 130 represents a section of
bondingyrdkispitedraueag &dil bl 2y ta eaplarate fronh syprosseyhstraty 24 (as
represe?@éhaﬁ)ahﬁﬁ ts.ah.leabl%q in#85 aﬂ% Sctéﬁemyb@s]db&%&z@&s as a

%P a full tail bond h'arelatively small
tempor?'zyr hgf PO'HF 4D pAMAHRR QEH}?t‘@'r%\t?"av%%%Hrge'“tr&P?atBB‘ﬁdV"e
tail lendth6. | n other words, a stronger tail bond 126 is
desirable to adequatel y anchor wire 122 during the
[OOOQEnkre Flgﬁ .2B lgﬁanaatr{ crﬁsc-f Wagw?l ?a u\\c}a\{evroztﬁgg g %yrat: O?feFIP 2A.
Featurwli-ﬁ/vsepmawmdaaeledten esif morkine tlndt06tco‘ bohdingdoe!l E¥hihet assentially

separatgg %11 ﬂ)or[% 3% %ﬁ@&m@%ﬁha 9pal Fgfstef'érhpl@f a ﬁlﬁagl%ng%%%th a

I nadequate tail

re'at've!vaiima*ba?fa t@*h afeaj Jszﬁﬁdﬁp@ﬁﬁfbtﬁg’ faMeragle) tairdpnd é@él tinjoner
words, hatlon§&N@ il bdfd 30Ba¢ abdiRId to0dBeYURRAS éﬂ\dhgr w)@sprzad@mg&ﬂe

wie taf B gt 2 18 f 02 St B8 8 e ™ (Mo iy 28

variouswither dedail vikeh/atprd)\Sdéd)Derehoraﬁ'e cat &Cthesﬁemrsﬁdletas FHG aB so that

" such as short tails, and other
addmonasflgjg A 3#1{3 %%n% econ nc')nd, undesirably tend to

result in inconsistent wire tails used to formthe
[0010k ubsefudradefivate tail pondl PG (e.poGIE| bPRdshat is nabelirandenough)

may regﬁﬂnrt%plb%n& QZ@rs@[\;(érgﬁné %W&%o%&%tﬁa&oi% Whdidy raising of
nproved wor Ki faces to form | nproved second bonds.

bondings{go\ARAY beferer Bend N ENOF LER T3 ARt eigt, resulting
in a wire X8I aRny tNanoe (3Rt re@irrddn® H3rL'SRBEH thfﬂ"’)erﬁrblﬁlﬁms&uch as

short i3 b AR BIIRET ACT 5 S BEBG ARt BN o Ay e

inconsigiastswige tabnfsed o unt thersebeequena freeafgthallesf wire. An end
of the passage extends to a tip portion of the bonding

[0011]‘000'  ThEE IEW&JI%‘%Et&eQI%Qﬁ:& gi&%e%nwﬁxﬁcﬂ&rfdﬂ?geto‘afs wiBe

ondi ng ring engag e W re bondi ng
'mprov%\‘!ﬁfw fa&e%tégf@é'ﬁt'”t@foﬁéeﬁ@’r%bwsf ace extends
downward with respect to a plane defined at an

i ntersection of symaressrgee andeiienwvor ki ng f ace.
[0013] According to yet anot her exenpl ary enbodi nment

too12, " SRGBRTRER 0AYRRERY PPaB A" HERieng InvehteR.
bonding tool configured for engagement with a wire bonding machine includes a body
portion defining a passage configured to receive a length of wire. An end of the
passage extends to a tip portion of the bonding tool, the tip portion defining a working
face of the bonding tool. 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.

[0013] According to yet another exemplary embodiment of the present
invention, a bonding tool configured for engagement with a wire bonding machine
includes a body portion defining a passage configured to receive a length of wire. An
end of the passage extends to a tip portion of the bonding tool, the tip portion defining

a working face of the bonding tool. The working face includes a plurality of segments.



i ncludes a body portion defining a passage configured
to receive a length of wire. An end of the passage
weziendssio a tip portion of the bonding tool ,PCTES100$065878
portion defining a working §4ace of the bonding tool.
The working face includes a plurality of
segnments. Duri ng engagenent with the wire bonding
machi ne, a segnent of the working face directly
adj acent the end of the passage extends downward wth
~ respect t o a plane defined at an intersection of the
During gagagaieeiith He wive RPdng aashingnd sagivenieel e yrasking dace
directht &gam& lshénsné éﬁﬁ\edda% &%I Skt@lisBHoNHwr8 & iHELEFEH: 184 s

war respect to a Iane deflned at
def'“e‘g?mt a™h §%‘6‘PP6’:‘§%6‘? PPY5899H38¢ gfgfewaw fReevfidannyhgraegment of

the wo{l@@lﬁke Atrear\,dadjgcetrm tiad sddment exedals ait yanarphedd argie vath
res od of form,ng a w.re.bond

respect t%ial ﬁ ne gnfg r}ér%n at an lln?errgec%'gln rotf g Pasgﬁg%ﬁm% rtllge wPrkénqulalc%
ext endi ng fron1a bonding tool. The free air ball is
[0014hondedceandiag o rdpingr Exeraplieonembodioent phehewresertydmention, a

methodv'§f'df€9nﬁ1|§ea RREGLRY ﬂc@?:'es men&foFHenar bAPbn AR S Vre

portion defining ge configured to receive
eXte“dﬁglf%F POoFfingHeok; T*@ f“ﬁha'é HE“ éfquq‘i’éd §a§sb09g‘€'r@><'9@¥@§ tpdorm
the wird bbh@ upifag tthe Bomimg E&Ibqﬁglbagdlhg%oléh&@déd éplbw bor€iBn
ace o ndi.ng oo
defining 3 Rare 2nERSEAY SENAA BN e PUES AReRhgEthe Pitsage
extendgitnm‘&mrpabrmrt of thedpedingttoolath &m po i chaéid_lr@ta anrking face of
e so R CBLAT, BiodE PERALE 7R hRAF AL B By
with regpechtow pbanbmﬁhﬁfé; aha@ fitarse¢tinn ofdhdipagsageviindehe gvoaking face,
bondi ng | ocation. Such a wire bondi ng machi ne incl udes

[00151& bonﬁurlﬂngers mef ﬁ%@e&qmérﬁiéﬁ%'ayt Be §H¥P>B@feh B aV\mrlé bBh&RE
,.as._well as a_bondin

machlng&)ﬁc t?c@\gfl”@da 3’&?(}9&1 l?f@"dfrl? 'Qﬁaté:}aen%fdd"r&ilw %ﬁ)&apwgrﬁ\a%\pne[ he
mcludepbmﬂmglsﬂv@ﬁé teifigubk toFsuppoER Waﬂk%le@:toleﬁNDRb\ﬁ‘hm as

The i entlon I S. best under st ood
well as%otmnglng ol d%c%n eal e}%%rglﬂgptto ane ary b?cﬁmggth%f tgFIp(S%sent
inventigw.t h the acconpanying drawing. | t is enphasi zed t hat,
according to common practice, the various features of

the draw ng éﬂxﬁﬁﬂﬁ%cﬁ&ﬁéﬁ'& T DRARIReAt rary, the

dlnenS|ons of e various features are arbitrarily

xpanded or reduced for clarity. Included in the
[0016};; b e ventieisirsst yogergropd &@f@%ﬂe fojleying detgileddescription

when r&€4doiscoB R€dtiod RAth meeey&csn‘npamﬁﬂ@uﬁm.h@nai iskonsHaB@ed @melt,
t he

accordify & P RERErSiRalig 50T aruer & HadrapedsofaR g Sle. on
the conpary,ith¢ donesiorsead tthe natiousi featuods drearbidrakilynexpangdedbr eeduced

for clarity. Included in the drawing are the following figures:

FIG. 1A is a cross-sectional view of a conventional bonding tool;

FIG. 1B is a detail view of the working tip of the conventional bonding
tool of 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 FIG. 2A;



conventional bonding tool formng a bond on a
supporting substrate; FIG 2B is a parti al
wee@ss4smecti onal plan view of the conventi onal PODOAINE065878

tool of FIG 2A;FIG 3A is @ cross-sectional view of a

bondi ng tool in accordance with an exenpl ary

enbodi nent of the present invention; FIG 3Bis a

detail view of the working tip of the bonding tool of

FIG 3A; FIG 4A is a cross-sectional view of a

bondi ng tool in accordance wth another exenplary

enbodFieA igfa erhes-prctiopaitvi¢w pEatbooding g in 4Bcdrdarce with an
exempl@?}@rhboéfh‘%Wt Bftﬁel"fﬁ‘ewftlfn\fé%t)hp of the bonding tool of

IS a cross-sectional view of a

bondln tooI in cordance wi th yet anot her exenpl

bond! Dg (0% ! af SRLaNEE ML, Yot noLher XeDl A s,

detail view of the working tip of the bonding tool of

FI G BKg. 4A i6.a Ghsd-sedhiosslossn seatbioamab tudlamwaoforaance with

' t i nce anot her exenpl ary

anotheg%gnoél fgfgn(%q%?d"?‘ﬁggg%g} gsenn\'/nevr? %lgéf FIG 6B is a

detail view of the working tip of the bonding tool of

FI G Bl 48 isa dekeil wiey ofithe woslidrg tigradithey bending tep! of FIG. 4A;

bondi ng tool in accordance with yet another exenplary

enbodire A i9fa drbss- ﬁcﬁﬁﬁé]tvnémﬁﬁmabﬁcﬂing febdPin E@tdr&arﬂ:e with yet
detail vi eV\{@JI t he rkl n of the bondi ng tool of

anotherpgxempiary paANt Qf ebtidhal view of a

bondi ng tool in accor dance W|th yet anot her exenplary
enbodFite B iefa ddtail pieasefrthe woviend tiprof tihd bondly tad! af FIG. 5A;
det ai I vi ew of the working tip of the bonding tool of

FI G F‘ §&§-§ecﬂ r‘?&“ QRS 8?%‘359(%@% “?Hvagéor@ancle with yet

bondi ng too i accordance wt her exe
anotherexemenafyramisdimpat @frtés@msenhwnnwh FIG 9B is a
detail view of the working tip of the bonding tool of

FIG Bils. 6BliSa detdl VidwabfEhOBRrI&RS tib W dhe MbMh oo of FIG. 6A;
bondi ng tool in accor dance wi th yet another exen'pl ary

enbodj t of the rese i nv

ot ai T TS GO PN b BP d he SR PG disE Wi vet
anotherFh@mplaK; drhifadiedt mfstha peesessinvestiognal vi ew of a

bondi ng tool in accordance with yet anot her exenpl ary

oo odtEEnt 106 ddie PEfSRthe WMERL LB 1fd BindhPidob ofrrc

detail view of |ngt|p t oo

FIG HA
FIG. 8A is a cross-sectional view of a bonding tool in accordance with yet

another exemplary embodiment of the present invention;
FIG. 8B is a detail view of the working tip of the bonding tool of FIG. 8A;

FIG. 9A is a cross-sectional view of a bonding tool in accordance with yet

another exemplary embodiment of the present invention;
FIG. 9B is a detail view of the working tip of the bonding tool of FIG. 9A;

FIG. 10A is a cross-sectional view of a bonding tool in accordance with

yet another exemplary embodiment of the present invention;

FIG. 10B is a detail view of the working tip of the bonding tool of FIG.
10A;



FIG 12A is a block diagramof a portion of a wire
bondi ng machi ne in accordance with an exenpl ary
wepdodiszent of the present invention; FIG 12BPCBHUS2008/065878
detail view of the working &€ip of the bonding tool of
the wire bonding machine of FIG 12A; FIG 13Ais a
cross-sectional view of a bonding tool in accordance
with yet anot her exenplary enbodi nent of the present
invention; FIG 13B is a detail view of the working
tip of the bondi n% tool of FIG 13A; FIG 14Ais a
cr oss IR ZICressaRtclena Visahal %BO‘E‘BBSP tqqh I BESFRdIrE avith
yet anothdrhexyeiplan @hibedinexanpltiee pressmodivemin; of t he present
invention; FIG 14B is a detail vi ew of the working
tip OFIGI rﬁqugdde%l $.863'on9§ !/:vlogiin ti ofFAe%on]dﬁg){o | 8 FIG.
cross-secti onal a bonai P dance
11A; with yet anot her exerrpl ary enbodi nent of the present
invention; and FIG 15B is a detail view of the
wor Ki pgs. tiiR IQE Hi& O\P&Jtloﬁfof Elvifre B&ﬂm@ﬁﬂé@h.hg%
DESCRI PTI ON OF THE | NVENTI 0017] As expl ained
accordang With FbpEarRIBIEIPGUMER] 9f qhérﬁ’é‘?f‘ﬁé‘t HVEYi rabl e i n
the processing of sem conductor devices. Generally, a
tai | Biehd28d$ & dasailbvike g oiawyrkame ipbf el dndihy todgof the wire
. t e wre tail. According to certain
bondee% ?’a%F{éEnbo% nments of the present invention, an
i nproved wor ki ng face of the present invention
enl ar gés 1BAds pardssiseatdonal @iew ofebetsiing ot bvagegrdange with
yet anoﬁie@l%klahwb)érf’fen{bﬁﬁmﬁéﬁt of BRNPrE Ok ITREA RN MOT €
speci fi cal according to such exenpfary enbodlnents
the area of the working face responsible for the tai
bond T dAP4? §EG 1M YRE O ROWBHIM Up AGtherRongishioot %IG
13A; related to the first bond.[0018] The working face of a
working tip of a bonding tool has a signifi cant i mpact
ggcgﬂﬁliqﬁgqg égpqsgfsr?&ég);néatl @ew cl')Jann Odlrt {OOOFIH d oFcﬁaé‘nce with
yet aHOM§6ﬁmplaﬁwen‘tbpdlmm‘éloaﬂEe pr@sent Invm\’clwed wor ki ng face
in order to forman inproved second bond with [ittle
or NOFrGRABts SRetdeyibl o8 thdRB&kIRY tib BEY tfo%dh’%n@'ongf FIG.
sequence. In contrast to a positive face angle (e.qg.,
14A; angle 118 in FIG 1B), according to certain exerrpl ary
enbodi ments of the present invention, at |east a
FIG. 15A is a cross-sectional view of a bonding tool in accordance with

yet another exemplary embodiment of the present invention; and

FIG. 15B 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 bond.



segnent of the working face may be configured at a
negati ve face angle. In such a negative face angle
w@omwbilgg4s@t i on, the segnent may extend downwarBCTHS1008/065878

respect to a plane defined &at an intersection of the
wire feed passage of the bonding tool and the working
face (e.g., downward fromthe passage toward a bondi ng
surface of a wire bonding machine). Alternatively, the
segnent extendi ng downward with respect to the pl ane
may be positioned at a portion of the working face

[0018] hat [TRe wotkieg fasetof ¢ watkinedin oftahleonsiiney ol harea pigedicgat

impact 6Ath&XAHtiBn ot tiR! @M&Honlipoftion bf Bk)seSGIBING. Aertdi® exemplary
face may be &g5|t|oned directly adjacent the

embodlgfe@lt(sop t(hﬁé)rﬁs;gg gy@ntl ?]%teefor‘?é‘g‘ﬁtﬁrﬂ’/‘@df"é@'é'n&rf@Fee'n order to
form arsiegprenéd i(mybnbeop@wm Intiedr db r:ﬁﬁﬁd:t)bn&@ljeaﬁﬁl’ﬁonﬁhﬁ thé amar
nment

voncing R FF S sP 102 Reve DRerendl Uiy ah B gitie g 1o
accordiag tocertait enpinateed empoditdintRef tergregent nveh@3, BAcatié

segmerﬁ%f tr‘?@%m% fRQ lmaoiptg)e 3:0?1{@9%& %UJ ﬁ?gaftl E fgigé\i%?geﬂ‘f:?%‘;htah

Wwre ng machi ne ot s
negative facenisle RPfiggEtionobng seameantieay ®Xerd Boywaish witlrespect to a
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[0020]achi Hé: 3Bds agadtiaidfosithe sakeeoft @arity heneds-aectonaf q@émeda@ew

of workin@ftfy 308 Pasz8gd 808 dUEhAS t8tif portichHd 68dhdfig 108R%00, tip
portion 3E)grcrlgfini(r)1£:| vs?orking 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 parallel to a

bonding surface (not shown) of the wire bonding machine. As used herein, the term



surface of the wire bonding machi ne such as the
heat bl ock, anongst others. [0021] During engagenent
wowaob/1#84% r e bondi ng machi ne, working face 320Pdi/Ds2008/§65878

adj acent the end of passage8 308 (nore specifically,

directly adjacent inner chanfer 312) extends downward

(i.e., at a dowmmward angle 322 fromplane P) with

respect to plane P. Plane P is defined at intersection

I of passage 308 (nore specifically, directly adjacent

i nner chanfer 312) and working face 320. Downward
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30 dege@Biiesskct @6 ppRg®genent with a wire bondi ng machi ne
(not shown). As shown in FIG 4A, bonding tool 400 is
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Cp g e 416 and chanfer 412) extends to tip portion
be des &ugs g\g

"Y¥ndi ng tool 400, tip portion 406 defining
wor ki ng face 420 of bonding tool 400. Mire
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bei'ng substanti al par al Surt
defines §ﬁ‘6%9f 98 thﬁ'éewewés %rﬁdmwgr rRE AR ef bPr%QS}oWPR.tworkmg
tip 406f ace 420 of tip portion 406 includes a plurality of
segnments, i.e., segnent 420a and 420b. During

moz“engagﬁl&ll% iyatpgréaq%rggs[s%cggpaq ie gne%jc\tlllevr\]/eof worlgng 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 diameter 424) of passage
408 terminates at working face 420. A plane P is defined at an intersection I of
passage 408 (more specifically, 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



420a directly adjacent the end of passage 408 (nore
specifically, directly adjacent inner chanfer 412 of
wpawsagasn08) extends downward (i.e., at downwe@TUs2vg$/e55878

422) with respect to plane . Wrking face segnent
420a has a negative face dianmeter 426and a face |ength
428. Anot her segnent 420b of working face 420 directly
adj acent segnent 420a extends at an upward angle 434
froman end of segnment 420a away from a bondi ng
surface of the wire bondi ng machi ne (not shown).
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od t on o in | 500 def 508
to027f15Y BYfeGE gk SAAR 4 dondpo PSR BHIERT a0 1 o
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P 508 havi ng inner chanfer diameter 524) of passage 508
term nates at working face 520. A plane P is defined
[0028ht anFIGIt3® secpartial dro@sf—semaesagﬁleﬁ@Sd (/10 & working tip 506.
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wire bondisganacHie.pl ane P. V\br ki ng face segnent 520a has a
negative face diameter 526 and a face length 528. The

[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.



remai nder of working face 520 directly adjacent
segnment 520a extends at an upward angle from an end of
WG e@are45620a away from the bondi ng surface (nNPCT/BERI90$)65878

and toward an outer radius1OR of working tip 506.

Downwar d angl e 522 of negative working face segnent

520a is in a range of about 3 to 30 degrees with

respect to plane P. Wrking face segnent 520a

conprises a length 528 in a range of about 0.1 to 2.1
enbodi ment

0030] Conparing the exenpl
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tip606FIG 6B is a partlal cross-sectional enlarged view of

working tip 606. Passage 608 (including cylindrica
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wire bohdif§ nbZRirf tip portion 606 includes segment 620a.
Dur i ng engagenent W th the W re bondi ng machi ne,

segnent 620 ctl t he, end of passage 608
r0033] ;3" Ropd) Foc 2Bip i akict S0 chisneepiRet E Srmnpunng
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d [ l.e 62 th,respect t an
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segmen‘ii '6@95%5&’ adlgB66N tacs QIR 828an8%8IRNG 698, YRR hainder

from
of workmg 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 bonding tool 600 with that of
bonding tool 400 described with reference to FIGS. 4A and 4B, downward angle 622 of
negative working face segment 620a is greater than downward angle 422 of negative
working face segment 420a. Face length 628, however, is equal to face length 428 in

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



an end of segment 620a away fromthe bondi ng surface
(not shown) and toward an outer radius OR of working
wao 2989850 Downwar d angl e 622 of negati ve wor ki POI/I/82968/065878

segnent 620a is in a rangeldbf about 3 to 30 degrees

with respect to plane P. Wrking face segnent 620a

conprises a length 628 in a range of about 0.1 to 2.1

mls. [0034] Conparing the exenplary enbodi ment of

bondi ng tool 600 with that of bonding tool 400

described wth reference to FIGS. 4A and 4B, downward
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tip 706w r e bondlng machi ne (not shown). As shown in FIG 7A,
bondi ng tool 700 is defined by a body portion
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an ection | o assage 708
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mils. and toward an outer radius OR of working tip 706.
Downwar d angl e 722 of negative

[0038] Comparing the exemplary embodiment of bonding tool 700 with that of
bonding tool 400 described with reference to FIGS. 4A and 4B, 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 result in an improved working face configuration.

[0039] Referring now to FIGS. 8A and 8B, bonding tool 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 806). The body portion of bonding tool 800



wor ki ng face segnent 720a is in a range of about 3 to
30 degrees with respect to plane P. Wirking face
WG egors45720a conprises a length 728 in a rangeCDiS2008/065878
about 0.1 to 2.1 mls. [0038] Conparing the exenplary
enbodi nent of bonding tool 700 with that of bonding
tool 400 described with reference to FIGS. 4A and 4B,
downward angl e 722 of negative working face segnent
720a is greater than downward angle 422 of negative
~working face se ment 420a. Simlarly, face |ength 728
defines; %asﬁqgé%oé‘rthf‘h% Pz EomgiRper eng §10 Sﬁ\éﬂn%ingl &9 %Bdﬁ WoRking
tip8oéresult in an inproved working face configuration.
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904, an\ﬁ"etwgpclfrsélp%g§ Ig Q Woﬂgﬁg E’p 9‘8%‘5\“%5 ‘Boéygbﬁloﬁ% b%f'\dmg tool 900
defines passage 908 that extends from upper end 910 of bonding tool 900 to working

tip 906.

[0043] 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
906 of bonding tool 900, tip portion 906 defining working face 920 of bonding tool 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.



segnent 820b is in a range of about 3 to 30 degrees
Wth respect to plane P. [0042] Referring to FIGS. 9A
wa@e@o9B45bondi ng tool 900 is configured for enPEENPNL/065878
with a wire bondi ng machi nd3(not shown). As shown in
FIG 9A, bonding tool 900 is defined by a body portion
i ncluding cylindrical portion 902, tapered portion
904, and tip portion 906 (i.e., working tip 906). The
body portion of bonding tool 900 defines passage 908
hat extends fromupper end 910 of bondlnq tool 900 to
[0o044 r Ki r{alng f@c@%92q @fp PorppGQOQBnqlgd§ eballum ity of segments, i.e.,
segmemtrm SReb,i andad 20en | AIrgRtengag¥meht WRR khd@irkibBn8@G.machine,

| lindrical . d
seome S Baregt) atideeut e e ¥ pp e DG PEER S tahuhgery
adjacemtoohelgmamfen LY otérais BOWed (ind. nat dmrrkiarg ahgleed 2 Qvitt

respecpt%rkﬁéﬁlgPt %rklﬂg ) el’?ésfé ﬁgézelztg(/e fi &n(ﬁgm%t@rgg’a 5 @rilo%her

avi n I nher er I anet e assage
Segmemte?%ﬂb eoskigg f@@r%%@rww@dmnt sreq@n%mézpa extangs i ad

downwaid #ylé §§@W$tﬂ%!s|5§%t bo EWan@@SSg%%lr%g%gfrﬁﬁ ngOb gggg néagatlve

eci fical er
face d'fyg%tff dier Mﬁl@hﬁr S%@éﬂtﬁéc %waH%nq:f%éPﬁa diiohdy AARraNY y
segmentag2dbl eslterids aa ahonﬂvam@ afglefodaeni(inadspatravplaref P.t h@rkihge
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920a, 920b, and 9200 Durlng engagenent with the wire
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face 920 directly adjacent

about %%’8% gr@%‘ﬁ'tgi‘fsé’ﬁﬁ%éoa’%a%e ownwar d angl e 930 with
respect to plane P. Wrking segnent 920b has a
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tool 100@®gRivbikengp Koog face segnment 920b is in a range of
about 3 to 30 degrees with respect to plane P. Upward

ngl e 03|t|ve wor .S
rooa7 £"Y. T dpBi BB o3l PLBe R PR e e U e
Passag@loq?ﬁ)ﬁnﬁydIRgfcehmdrrcgl pansage 1F1658nd tidntend 0128 exbavwditodip
portion 1886 of BOGHihS t&RN0bE Wi HoftBh 1006 defining working face 1020 of
bonding tool 1000. More specifically, inner chamfer 1012 (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 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 (more specifically, directly
adjacent inner chamfer 1012) extends downward (i.e., at downward angle 1022) with
respect to plane P. Working segment 1020a has a negative face diameter 1026.



engagenent with a wire bondi ng machi ne (not shown). As
shown in FIG 10A, bonding tool 1000 is defined by a
whoay/14836@ i on i ncl udi ng cylindrical portion 10BQF/US2008/065878

tapered portion 1004, and tt#p portion 1006 (i.e.,

working tip 1006). The body portion of bonding too

1000 defines passage 1008 that extends from upper end

1010 of bonding tool 1000 to working tip 1006. [0047]

FIG 10Bis a partial cross-sectional enlarged view of
tip 1006. Passage 1008 (including cylindrical
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plane Pdi anet er 1024) of passage 1008 term nates at worKking
face 1020. A plane P is defined at an intersection
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rectly adjacent the end of passage
too'll@%ggﬁf”“ g géflcally, directly adjacent inner

chanf er 1012) extends downward (i.e., at downward
[0050]angl eFHN22P inatPartial spesstseridonpll anlargad Wew lof mgrisag hignt106.
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ment face 1020 directly adjacent
Port'onslégﬁé’ﬁpowzaéowtleﬁd%p BPdieg BL08I d@fﬁ'@'@d’b@i‘ﬁﬁtfﬁﬁ 1420 of
bondind> 8ol b €0. mr@bmmcaly,mvmemfangiﬁ (Haidgahndregakifye
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passaod SQSPARATIRIG B 1y WA, POULOLIEIL B o bonan
surface daéti shewnd pf thebwity bpading emadhing. udi ng cyI i ndri cal

portion 1102, tapered portion 1104, and tip portion
[005111106 {brigng fé@erﬂmn%fhqultl&ﬁhoéf RIuResY pRah ity s@gments

bondi n too defines passage 1108 that exten

I.e., seqmefth LigHar 1 20, 7344 169° bBHENAGNERAAMEN GGt [HewFs Parfing
machiné,i q2giikD6 11p 0D ED¢ctly! afaJaddnBtheSeraj @matss@de PIOIB@ﬂ&QCdp'e@lﬂaélly,

. enl arged view o 5; assa
aecty ALK Sient Th SHatdSmrere (RaSeR shrrer azg'e
1122 wigh respest tooplangPpdvdrkiog ségo@nbi 1 bemniasng negrdive fadOdiatrieper
1126. Mthélo&gme%? 1‘1%[5 Bt wgrlémjd' E'CQQIﬁé%?reWdegéent 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 parallel to plane
P. Downward angle 1122 of negative working face segment 1120a 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.

[0052] FIG. 12A is a partial block diagram a wire bonding machine in accordance
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



bondi ng tool 1100. More specifically, inner chanfer
1112 (having inner chanfer dianeter 1124) of passage
wQa1®8/148360mi nat es at wor ki ng face 1120. A pl aneP®r/US2008/065878
defined at an intersection1y of passage 1108 (nore
specifically, inner chanfer 1112 portion of passage
1108) and working face 1120, plane P being
substantially parallel to a bonding surface (not
shown) of the w re bonding machi ne. [0051] Wbrking
face 1120 of tip portion 1106 includes a plurality of
wire bogdigaeRding mé'ude% B@?Pém syrfagsal 2421(20h, 2 BRet Blagpef the wire

bondindHidchge§ BFGRII&N 0 éMpbBrttJlllﬂsﬁ%t%eleQr(@ld],glemQ‘hé @224).
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die 1240 is nounted on substrate 1224. The wire
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tool 130WiktdediRed B2 taaa«} dorfist! Ridiuatigt dyMRdAS) portitner 3000 Yapered

i on defl sa e 1208 con r to receilve a
portion Ly §HeL 5 pp om0 -y YA B Pl dne 364V BRI 1 o
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too,Lﬂ*;gpwggﬁhqggg;@Bnegatlve wor ki ng face 1220 (i ncl udi ng

of bonding tool 1200. Wre 1222a
represents a wire | oop fornmed between first ball bond
[0055]1238 - d8Riizamauil srosgisectionpd ealarpadndew of wietkipd big 1306.

Passagesl:'ﬂﬁ (lﬁélﬁd@\a?&hndrlcal passage 1316 and chamfer 1312) extends to tip
portion 1306 of bonding too! 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 parallel to a bonding

surface (not shown) of the wire bonding machine.

[0056] Working face 1320 of tip portion 1306 includes segment 1320a. Working

face segment 1320a comprises a concave shape. During engagement with the wire



[0053] FIG 12B illustrates the configuration of first
bal | bond 1238 on sem conductor die 1204, show ng that
whadob/1gsasdd 1238 covers the entire surface of cPh@rmiig2008/065878

1212 (having a chanfer |lengéh 1234), but does not

cover the entire surface of negative working face

l ength 1236 of working face 1220. Downward angle 1222

of the portion of working face 1220 denoted by | ength
1236 is in a range of about 3 to 30 degrees wth

respect to plane P. The portion of working face 1220
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ondi ng tool 1300 defines passage 1308 ?hat ext ends

mils. from upper end 1310 of bonding tool 1300 to wor ki ng
tip 1306. [0055] FIG 13Bis a partial cross-sectional
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bonding EqokilAG@ égﬁ%ﬁs RASFRIN Y GGat exteods fop lam@r end §4éI@f0f Regding
tool 1466 t@WongFfuﬁqabB on | of passage 1308 (nore
specifica i nner chanfer 1312 portlon of passage
308 rkln face 1320,
r0oss; o) 6 1aAS S Rerssr s o alerRr s Ut vy g P 1406.
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nor e SpeCI i cal l ect | acent 1 nner
defined 3§ aRfiBtersestion 4fof passagy é49i%@8’)3f%§<ﬁ9érft$§”\ddwvgﬁhé”\ﬂﬂ 2

portion ro‘ﬁ%@ﬁﬁbe t10r09j @rﬁkﬁwerklN@Fééb ﬁng) a2p18né ePEY suﬁ?&@@ah‘@%a@llel to
ive f and a face length 1328

ane
a bond:ﬁgupfg% W PO"(‘S‘F) 9\0‘}‘%"“@ handing BSENAEr ect | y adj acent

segnent 1320a extends at an upward angle from an end
[0059f seWwrkibg 1RO 2awe yipf pootior h¢0dh oretlidey ssgmésicetA0aotWorking

oce so gL RAINE0 s 00U ok S ol ORI e
bonding g@ghina, seamanyd4gPa divectty adjacany the ¢nd 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.

[0060] Referring now to FIGS. 15A and 15B, bonding tool 1500 is configured for

engagement with a wire bonding machine (not shown). As shown in FIG. 15A, bonding



mls. [0057] Referring to FIGS. 14A and 14B, bondi ng
tool 1400 is configured for engagenent with a wire
whoovditgggsorachi ne (not shown). As shown in Fl G PABBS2008/065878
bondi ng tool 1400 is defindd by a body portion
including cylindrical portion 1402, tapered portion
1404, and tip portion 1406 (i.e., working tip 1406).
The body portion of bonding tool 1400 defines passage
1408 that extends from upper end 1410 of bonding too
0.1 rk| 1406. [ 005 Fl 14B | artia
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|on 1 ni ng |ng ace
tmﬂ1589t%@ﬁdﬂﬂ@ﬂpd§061400 More specifically, inner chanfer
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chanfer 1412 of passage 1408) ext ends downward with
pe t | ane P. Workin ace se ment 1420
toos2],coP b IneRe Al Hepeen YD fuiieS SFTee uighnnamss, More
specificBhyg inemsectides [loandvi? &enmirfaaicatiet2Banishaot |Gurael sieges may
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sharp (Qﬁékmyn iidetis AP Goirsel éham&ye@sor@nyofthmtkqah@ shiape or
geometkft06. Working face segnment 1420a conprises a | ength

1428 in a range of about 0.1 to 2.1 mls. [0060]
eferrjn t ool 1500

15A d 15B, bondi
[0063] 5 ¢ohter %U?Z Woecf?sﬁ’g?ﬁ’f@ﬁ'??W? W@#géé%gﬁﬁ?wa' During
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extendS from up bon too
workmg,@,cg,lﬁéo pprﬁctiysg@acent 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.

[0064] 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 segment of the working face is configured
at a negative face angle. Referring now to FIGS. 16A-16B, bonding tool 1600 is

configured for engagement with a wire bonding machine (not shown). As shown in



[0061] FIG 15B is a partial cross-sectional enlarged

view of working tip 1506. Passage 1508 (i ncl udi ng
weyioongsscal passage 1516 and chanfer 1512) exp@ntisS2008065878

tip portion 1506 of bondi ng8tool 1500, tip portion

1506 defining working face 1520 of bondi ng tool 1500.

More specifically, inner chanfer 1512 (having inner

chanfer dianmeter 1524) of passage 1508 term nates at

wor ki ng face 1520 A plane P is defined at an

i ntersection | of passage 1508 (nore specifically,

FIG. 16fAAnRerdigs seq! éﬁoiméefﬁ@ﬂthmb%v pRIEIQA deluding T lindical portion
1602, twér’éu rpgrtfoaxcﬁeo%%ad tipl ;ﬂiﬂﬁoflb@fs (. swbad@Ntib abby). The body
P 0 surfac ot sho Wi re
portion {3 indifo saed el el beicer 1916 Lo it sX ISP kroBo et e 10
of bondmgh‘oab!a@oa:mmmrlmg dpneesl shapes. More specifically,
i ntersections | and 12 are curved rather than sharp.
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face n 15060 i ncl udes se ment

bO”d'"gl?é’bésg%F"ioﬁ“gs%‘??ﬁﬁa%éﬂ‘gervﬁ?‘ﬁﬁ‘f‘frh]es% vigrianeghamter
diameterard2dnef psaggentod bataansbes at ioykiaglj faeamatzot h!epleﬁél Pa$ defined

at an m@&%&?%@ﬁaoﬁ‘fp%Fg I%O%p(err?og’é gcgél %gégjnrngi% ary§ndf% J&g%&é’}tﬁn of
passagg [L6@8), araitwarkdm/\ﬁawaﬂdzmrpgam REQ@}; s\mbstlantleli,vpmllﬂctom tzonding
surfacegnotvgﬁo%\}n'?%f‘:t?é:\%lr %QH&HE; rﬂ]a}il% has a negative face

I anmet er 1526 T e remai r of working face 1520
direct!|y adjacent se%nent 1520a extends at an upward
|

[00661ng| eWrFing Sreditd 0o toarprton 198 mkludia yeemstleeOa and
1620b. mmﬁjm@ﬁgéﬁ%ggwﬂndhé Wt\@zrtsbn@ﬂwgor%b@{mé agéigu&nﬂi%s@éa directly
. n | neqgat
acjacenfif Piiof bk an AP LR C e CH S n GabT L aBRTEh ey
1612) e3@erdisgil@esa planh substpaiddllyt marplicine pI%.ne[FOOﬁéldméf&r]laj’.loa has a
face dlagﬁ)\(e%grpi@ié/ Rl%{ggll %‘?ﬁéﬁwtq tzbf)‘%f %ﬁﬁﬁé‘gl‘ace q\éﬁetoj I%?t|¥ ﬁé]%cent

en described i n"connec
segmenfidoRPm gxteade doWnyaisoligi iy dopowadd ﬁé@'t%ll)ﬁZé)j}/V&befﬁw@htO

plane Pe%&fngtﬁﬁn%ﬂ?%@Q@o Ris Srﬁ@gm}édﬁaeé}dfa%ter Y, eD&\pﬁward angle

gnment i S configured negative face an

1622 Ofrﬂﬁﬂé%? Wpﬁen%faé@esﬁsmiem/é@%qtb'ﬁ in g rapge pf @ﬁ%g torR% dagsees
with reddattetosasd Pi aalis Vit lstd]&r&ﬁ@ﬂ"ﬂh@tpréléerneﬁﬂdeﬁtlaldkrﬁ:ﬁﬁj& t he

passage be flat (|.e., a I r vmt
embo R W5 Bbe SEarp gt Sipi P o lisk Db R B g
passagd maenfigurednt agygles dttatr thameggttivedataaslengFlss. RéAerat ag
one exa?l‘gﬁ'f’e 'bpsd:éh% er;l\géiiﬂiﬁﬁt' Ipo(zvr}aq}eggothgpéon}lgg%idn% o?%grkigﬂrfgé%
r-engagenent W d wre donding machi ne ( not
segmenshargrdontexspleteswn i nFI G 16A, bondi ng tool 1600 is
defined by a body portion including cylindrica

[0067]PO" t i Hloughout the various exemplary embodiments of the present invention
disclosed herein, a number of negative face angles (e.g., 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.

[0068] According to an exemplary embodiment of the present invention, the

negative face angle (e.g., the downward angle of the segment of the working face



1602, tapered portion 1604, and tip portion 1606
(i.e., working tip 1606). The body portion of bondi ng
wo owb/11800 defi nes passage 1608 that extends fPORNUSRIPE065878

end 1610 of bonding tool 1890 to working tip 1606.

[0065] FIG 16B is a partial cross-sectional enlarged

view of working tip 1606. Passage 1608 (i ncl udi ng

cylindrical passage 1616 and chanfer 1612) extends to

tip portion 1606 of bonding tool 1600, tip portion

defini ng working face 1620 of_ bondi ng_tool 1600.

d'reCt'Yl\ﬂfP"éc%bQﬁ 19 thg Papsagesuem arPagle fg£an (Fﬁ%v?’%'s 35 ABngle in
a rangeCde&lﬁoet’ 6 db aowieq Fee%ﬁ%):or@fngﬂ@&&\@gﬁarleﬁ@& pta@{/ léhﬂ)@ﬂ Beeritlof the

present |H¥%ntuo E rrx]eglagge f?acgsagngg Felgoéhe( %%\/yréngrg acqg]le Q aﬁhfe);egment of
the workimgefiace Haedtyrad]&bat pur ¢ndoof the ppasgageci 868nglerip2 in FIG. 3B)

s at anwlglﬁe% (% FiGE ot BB0ur O1S0E aBqBELNg Supstanti !y

a bon surface (not shown) of the wire
i ng machi ne. [0066] Wor ki ng face 1620 of tip
[0069bort i Bndasobed Rerarwihgegrchis cerepn axenalane 0B odimanthef

the pre@éigoal%dﬂiﬁﬁﬁ %tﬁrlbb§s@g r{l&;t?@ﬂ e @o kR ¥abe of aﬁgjl606ﬁ8 'd!(ﬁng tool

a alr C acen e nor e
may bed{ aaapyt af fpt 4t eyt SEANOSTHIGR (BRORrE S0g Eoer
segmendié¢regibls ar@l ajstgcm\tﬂhalaeecs ubDisd &ngtl'acbﬂ thegrsainhalts (@gplsagments

. i

extendifg SERANERERRFO ] Bdhd SFfecd) S0 He FEERHOIAMITE oy
from the dgnding stgaca segmenidshabarevsubataftialdy paratieldwipin e londing
surface a@tgaeméyﬁagﬂenw ddonr £8RR6Er (Sf(?a&lor"g‘seucﬁ asvmrl@xg&p%agﬁ@a\t/erall

has a neg ative face di aneter . Downwar d
geometgh g @emﬁmsfﬂwgtaﬁ ibPBAIRGHRPING W%%%’"&%W{Ud%?z'%wldéh of
the work{hgétl;f, gﬁ@_?f_lrz]@ﬁ)f eeotHandet @m%t&?@ﬁ@ﬁ§st%th@r fe@&p€§t Atddrding
ane us, It IS ear t I the pres nventi on
to anothar B mblery A iee kst or SpE et ek £ R L Sy e R ents
is in a rhageoaboat Ol Y/ tcatjPanitnt Atdoediegdo 9ét drivehgaseageanymbodiment

of the p%%fg‘: q‘%i&ﬁfgéhgn&!ﬁﬁ' of H&:e H?e%?sf 1169 %t%}@e oﬁ%@o&%% Fos 1.2

_ are-one exa
mils. however, other conbinations of morklng face segnents
are contenpl ated. [0067] Throughout the various

[0070]EXENMPRY P/orﬁirﬂ:bogioﬁg%%ln%té he ﬂ%@éﬁﬁﬁvén@%ﬁ%é@ﬂe formed from

di scl osed herein, a nunber of negative face anq
a Var'et(é’fﬂ'ffer%{ﬁg']”'%teﬁ@ |FﬁrF¥@§“p@B'“SHW§'I"% mpgerialy (g0 2 H’B'”a
zwcoma&ﬁﬂblﬁ@'lea%?uramﬂ 8&0); }cﬁn&&cﬁve&ﬁateﬁél@ ($.gar@angasn rchndh,
.. Fur r r.o
titaniu Sy, aic: R Sty Ve BaVGs LA e e T BRGT AP oo
may be tforesa ﬁumglaeemteayepld@e@rﬁ nEHemu blenhaasbefrahIItnphagplecesaomadge

to pf between about 0 to 30 degrees, whether positive or
gethe
negatlve It is understood that |arger and smaller

[0071] angl e 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.

[0072] While the present invention has been illustrated with respect to certain

exemplary configurations (having a certain number of negative working



are al so contenplated. [0068] According to an
exenpl ary enbodi nent of the present invention, the
wmematis4so f ace angle (e.g., the downward angl ePrOf/US1968/065878
segnment of the working facetlirectly adjacent the end
of the passage such as angle 322 in FIG 3B) is at an
angle in a range of about 6 to 20 degrees. According
to anot her exenpl ary enbodi nent of the present
invention the negative face angle (e.g., the downward
le of the segment of the wor ki ng face direct]y
Segme“at AEENPOTHE WA "Eﬂ‘setgﬁ‘éer\&%@%'&@ea%'&wt%?é (%‘Pfgzloétaé)z‘zofkﬂ"g
seg melﬁb&ce%Béathofaﬁar)ﬂﬁg anglee ahtl léngtiay) g8iterhataodnfgukaliohb are
cmnennﬁﬁ i [0069] As described herein with respect to
CET TS n exenpl ary enbodi nents of the present
i nvention, the various segnents of the working face of
[0073} he behtjq')trgg\ the dhvandipnlie iliuptrated angedegérilztgongreid. ﬂith ceference
to specificlembddithehts, %qﬁgﬁt%qs %B@fntélﬁfegecf) b%qgm?&ﬁllol dﬁtall
segnent |engths are also contenpla £
shown.¢ ﬁé%@r:s\@g'ﬁﬂﬁﬁsod(f@aaons 5@y r?éﬁf‘%dee'k‘ttéﬁd’leﬁglsd\’j% gjscope and
range df@@aivelehheorltpadiaings SHE WiGRut 88SHBRY FroRxtrRNAVdionpwar d
away from the bonding surface, segnents that are
substantially parallel with the bonding surface, etc.)
may depend upon a nunber of factors such as, for
exanpl e, the overall geonetry of the working tip of
the bonding tool. This geonetry includes the wi dth of
the working tip, the size of the chanfer dianeter
anongst ot her features. According to another exenplary
enbodi mrent of the present invention, the length of the
segnents is in a range of about 0.2 to 1.9 mls.
According to yet another exenplary enbodi mrent of the
present invention, the length of the segnents is in a
range of about 0.2 to 1.2 mls. [0070] The bondi ng
tool according to the present invention may be forned
froma variety of different materials. For exanple
insulative materials (e.g., alumna, zirconia
t oughened al um na, etc.); conductive materials (e.qg.,
tungsten carbide, titanium carbide, etc.); and
electrically dissipative materials. Further, the
bondi ng tool may be fornmed froma unitary piece of
material, or may be nultiple pieces joined together.
[0071] The present invention may be enbodied as a
met hod of formng a wire bond and/or a method of
formng a wire | oop. For exanple, a nethod of form ng
a wre bond may include (1) a step of formng a free
air ball, and (2) a step of bonding the free air bal
to a bonding | ocation using a bonding tool described
herein to forma wre



bond. In a nethod of formng a wre | oop, additiona
steps may be included such as (3) extending a |l ength
wW@Roonitgsascont i nuous with the wire bond to anotP@r/US2008/065878
bondi ng | ocation, and (4) Bonding a portion of the
wire to the another bonding |ocation to form anot her
wire bond with the bonding tool, thereby formng a
wire loop. [0072] While the present invention has been
illustrated with respect to certain exenplary
configurations (having a certain nunber of negative
What is\plainefisegnent s/ f aces, positive worki ng
segnent s/ faces, and neutral (horizontal) working
segment s/ f ademdirgaobl @infidaredi fogemdteffen8Mithl £AGE MShding
macmnalﬁ%ﬁ§§%%veu% nf i uQaLions are contenpl ated. [0073]
ﬁlthoudh e RI8AT'SH is illustrated and described
herein with reference to specific enbodi nents, the
i nvengibody iportinoy, thenbeddeeftipn dening i pasdageocanfigu dhelt tai reseive
a |engtﬁQ@Wi}'e Bﬁ“eh&ro_f tﬁ’@ﬁés@é‘&e Qﬂgh&ihg‘% 'anbSpJFHX Q?t 4 dif} tool,
“the defails wthin the scope and range of equivalents
the tip gprtioRedediniigms wardnafach 8f thedeqssting kgl fwhsrigipifsiring engagement

with the WRMBdnathgMathihé aGeamBEof the wdbrRPGdhaestOfds downward with
r engagement Wit

configured. for \ h a wre bondi ng nachi ne,
respeciiie B PRI LT ORBFSPAGY U BEIgOnahY MO Bsty
portion defining a passage configured to receive a
| engt B. of Whe bpnding éoud obtlatrha, phesHiy eheesdgemsht of the woeking
e b ] [ ool, the tip portion
face is gt%t&%?gé%ﬂ\%g{rekéﬁoﬁgg?ag%g%he bondi ng tool, wherein
during engagenent with the wire bondi ng machi ne a
segmeft of ThBORMRK LR} of glelm dx fusHies capRiiaae rafhien segment

of the WERPQThcd BetdveBh @NEehlebf lRbaBtag arddthersegfichen of the
passage and the working face. 2. The bondi ng t ool of

claim1, erein. th egnent _of . the rking face is.

G rectty s Baming Fost SRESS 30 brt M dnoter Sofnent s
substari@figipacpliebd thefplateai m 1, further conprisi ng anot her

segnment of the working face between the end of the

passage an‘i;lhe%1 B&’\(ﬁﬁ? EH;:{I]tof clé'rm -[h%.hg%]rg E{sbtgsae:??%a?lt l%%te%ldgiama

3, wherein the ano segnent 'I's su '
downwgygragigiecin @ g ef phawie3 t30 tagreps mifihrrgspasblo Bfe pipag Aefined

at the s%%&tianbhg@@&g%maﬁﬁmk% facglownvard angle in a
o)

range of about 30 degrees with respect to the

pl ane _defined at the intersection of the passage and

the wor ki n§§ Buding tootpbclpigm di WhetelnFheseogrent gxiends at a
downwarideanglenintaheange @imabbutex te POl degriee s witbWwaypdct tatty @ahd dafined

at the iéﬁ%gs%gtigépﬁn%ggasgagteoanz th%ev%rﬁ%sg f\ellmcet.h respect to the

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.

9. 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.



at the intersection of the passage and the working
face. 7. The bonding tool of claiml1l, wherein the
WG e@ors4sext ends at a downward angle in a rangeCD1S2008/065878

about 6 to 15 degrees with22espect to the pl ane

defined at the intersection of the passage and the

wor ki ng face. 8. The bonding tool of claim1, wherein

the segnment has a length in a range of about 0.1 to

2.1 mls. 9. The bonding tool of claim1, mherein the

segnent has i n range of about

m Igs io Tﬁ%bﬁ FF§" PBS‘F"”&fl YihaTSih ﬁ“”%%’?%ﬁgﬁ”}eﬁ‘é W'th the
wire bos&@geﬂécrhastr& dreing torking %d‘e&bkg@d@fat aldonnwaird ah@le]vw&
respecterpﬂ gtgeg é#gﬁ;@e‘?n%ﬁ ? LheQnEersecB: n kﬁr’}al %%ﬁqe an({ ﬁﬂe V\el% ;ﬁfn:gg ce.

wor ki ng face extends at a domnmard angle wth respect

to thé2pl ahlke befdingtbodef clhien iLnwberdt anghensegnmnt of the
worklngP%%é @Ig'%c@"gdﬁ@@wtvéﬁé kidHedta5&endt%t aﬁhﬁv@% ghg@ vtﬂgp FesBbct to

wher ei n anot’her segment of the wor face
the P'afeﬁ F%fE”teldyatatHF Arersectineofdbg @éﬁﬁageanéﬁas workipg, f f?ﬁﬁwar d
angle with respect to the plane defined at the

i Nt er sBCt i Tine besnctumatqmassagen andmémn wodthemMgegne e of e
1 ool anot her nent
working (3% BSE"ook e 1B <GPl et 3.k iRet BhgRarE Mspect
to the phxtectafinedtat 4hel miersestibnanfghe passalge red e tvotidng Feeepl ane
defined at the intersection of the passage and the

wor ki ng f agge bérﬂ‘im The QPE]Q?n‘?QBt \Qﬂerem ?drmépseément of t’lhe

wherein a further segnen the working face’direc

workingfgice dERetit ﬁf@asﬁ%ttheeﬁnst%mm%%te&ﬂwsaf apnPUEIh ARGl with

respect 28 §he& pMhk klefifePECthetifetdtRtiDh N thedRfskfRbamt tHehRorking face.
i ntersection of the passage and the working face. 15.

The bpndi f
oot of P B 1oL B¢ e oy WEE YT o Byt sfSingat o the
workingafaot Id'erectge@d]emnt ¢h¢ ematbeasegngera extande atungst plate alibstantially

parallelﬁﬁrtﬁe gf:‘alnetd%ﬂn&?a {n%qgtegj% cti Qﬁgf me H%gaé%rﬁf E\%C\L&@(fn Ifac

passage and € worKing face. ndlng
of claim 1, wherein another segnent of the morklngth
e

face - ecthsbensing el of Hairs dgwhareineanatherssegrmsmg o
workmgoﬂaé‘é‘Glréétnsécﬁﬁéér@tﬁé’s%éﬂt'e‘i‘('ter{d% atkh? h%ﬂ@ SQSthH@QIyaéarallel

i tersection of ass e working face.
to the pjape 'é‘eﬁéﬁ&hentﬁ‘t‘iré%ﬁt'OBfOfé'i‘%\P nge \ﬂﬁ%rﬂé‘? Wotkieo E&Ement

conprises a concave shape. 18. The bondi ng tool of
clai m7, wher eormlindreotefctaint 1cahpreirse® 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 segment



convex shape. 19. A bonding tool configured for
engagenent with a wire bondi ng nachi ne, the bondi ng
WO owb/1¢538pr i si ng: a body portion, the body pore¢DIS2008/065878

defining a passage configur2éd to receive a | ength of

wire, an end of the passage extending to a tip portion

of the bonding tool, the tip portion defining a

wor ki ng face of the bonding tool, the working face

conprising a plurality of segnents, wherein during

engagenent with the wire bondi ng nmachi ne a segnent of
extends ARaRGPRPTLATUE L HiTERact o Htf RICntell e Wihe BREmRgIon of the
passagpans age wextientigedownward wi th respect to a pl ane

defined at an intersection of the passage and the

wor Ki fa f e [ f

i rectly acseaRing R SEEBRHE Rhelin LRt akonBE S o
downwayigicaregleyint & rc"rr@epé @bouto3 tCh éO plearses oéthi nespechto theeplane defined

at the lhﬂatr&fc%%ﬁto'f% %ssgg@arﬁ’@&w&kﬁ{bdfat:@e wor king face. 20.

bondi ng tool of claim19, wherein the segnent
extends at _a downward angle in a range of about 3 to

30 deé?ees Wt’ﬂ”‘t'%%ﬁ%t"ff'd"t‘ﬁé bllhﬁ'f?én Her Je98enh £Xtends at a

downwarat #7gse it & Eahg@foffabeum&s 20 clegieds WWid redat Q@ tHeagiene ddfined
erein the segnent

-The ndi tool _of c
atdwlg§¥%%%gn§f T GRANS? QW@%FHM%C?ange of about 6 to
20 degrees with respect to the plane defined at the
i nt er 8&ct i dhe bbnding tqeh of algen dAdwhireinmtrekdegenbertend? at a

downwgrlaear@%m@ga gQJf agf)utcé?d ég?re@@Wt‘F\i@sﬁ tégr?ljagne defined

ext ends at ownwar d ang n a range o
at the '&‘?rﬁﬁé&%%t% Rassressptthe Working faF&ine defined at t he
i ntersection of the passage and the working face. 23.

The berdi nghd pehdied téd! af albckﬂ,19y\naé@iimtﬁehﬂowaw@hdlea@gt 8

range teBugith o § Wi Bl AEECet e Mhsernell o, ik e o

intersedtive qfdbs agesagadnt ke workingnépckace. 24. The bondi ng t ool
of clain119 wherein the upward angle is in a range of

about 55 't °T1t?r%b6’u%ﬂﬁ§?o%l Wt ek ﬁ?%ﬁ&reﬁr?tﬂeh.ga Eﬂglﬁ is in a

deflned at e intersection assage an
range of\gpRitrigytq 3@ dearess withaesraslin ghe Rfane éeﬂrchaatrthagﬂtersectton of

the pasg\?@mtﬁe%ﬂtm@%ge angle is in a range of about 6 to
degrees with respect to the plane defined at the

inter ct| n of rking face.
e basai o Bordied B B e 18, mbeSin e o ey AaHe ke
range ofiabeutgs to 1R degrees Wlth 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
a range of about 0.1 to 2.1 mils.

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.

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.



a range of about 0.1 to 2.1 mls. 27. The bonding too
of claim19, wherein the segnent has a length in a
WO 200g483f0 about 0.2 to 1.9 mils. 28. The bondi PQI/USNS/065878

of claim 19, wherein the ségnment has a length in a

range of about 0.2 to 1.2 mls. 29. The bonding too

of claim 19, wherein the another segnent has a |l ength

in a range of about 0.1 to 2.1 mls. 30. The bonding

tool of claim 19, wherein the another segnent has a

| engt n ut . 0. 1.9 m The

bondi A4 £ 03e BPTENG tof 26C olRIBeletii i ptchier sehieahbas 2
length haesra\gleejﬁgabhutl O.2aoriangealsof about 0.2 to 1.2 mls. 32.

The bonding tool of claim19, wherein the segnent

conprk % e BOGANG 13 téJi%P‘é‘lauﬁ% mgré?r‘?ﬁgé &%n’ie‘?\? cor%nses a

claim nprises
Comﬁvgﬁh@§% 34. The bondlng tooI of cIa|n119, mhereln t he
anot her segment conprises a concave shape. 35. The

bondi Bg. t 0Bhe BbndihgitéBl bP claWh QBe WRekdhe tIRNQUGARINt S6AFRYEs a
ﬁﬁﬂgrlses a convex shape. 36. A nethod of formng a
convex

bond, the method conprising the steps of: (1)
formng a free air ball on an end of a wire extending
from a4bonmhengomdjog todbiclgity 1bpwtieregn thearddtes segmebal |

ocation to formthe wire bond using the
Compn%gﬁh?ﬁggﬁiaﬁa t he bondi ng tool conprising a body

portion, the body portion defining a passage
conf i é@r edTheberding Yol &f FlainglA, wheraiethe anothersegngnbf

compn&£33&ﬁ§§ﬁgﬁbﬁ¥tendlng to atip portion of the bonding
t ool the tip portion defining a morklng face of the

bondi n Ln durin bondln nment of the

vor ki 18 £ aBanebp PR AT B8 (e QpREE o R opse
steps oflefi ned at an intersection of the passage and the

wor ki ng face. 37. The nethod of claim 36, wherein the

segmsw) of fotrﬁx‘?ndl\'grﬁ}é'e%ﬂ" l;a‘fillco% 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 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 working face

is directly adjacent the end of the passage.

38. The method of claim 36, wherein the bonding tool 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 plane.
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| ocation; and (4) bonding a portion of the wire to the
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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 between the

bonding location and the another bonding location.



